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Correspondence. 
Mr.  A. C. CARR, of Khargpur,  remarked  that  the  question of Hr. Czrr.  

variation  in  driving-wheel  pressures  on the  rails was an  interesting 
one  to  locomotive-engineers. That  there was  considerable  variation 
was known  from  the  unequal  wear of tires,  which was  more 
marked in  the case of outsi'de two-cylinder  engines.  Driving-wheel 
tires  usually wore  flat a t  a  point  about 15" in advance of the  cranks ; 
this  uneven  wear was not noticeable  on the driving-wheel  tires of 
four-cylinder  compound  engines. With reference  to  the  suggestion 
that  better  results would be obtained if specifications for  engines 
restricted  makers  not  to  hard-and-fast  static  loads on the axles but 
to  the  ultimate  rail-pressure which might be  expected a t  the 
maximum  speed of the engine, it was  also  pointed out  in  the  Paper 
that  higher  stresses  might  occur  with  an  engine  running a t  low 
speeds than  at  high  speeds. Was  the effect of the  variation of 
load on the driving-wheels  driver,  stated to be 4.3  tons in 
excess a t   the  moment of starting,  greater  than  that  resulting from 
the load of 3 -6   tons  a t  40 miles  per  hour  with  the  crank-pin  in  the 
lowest  position  which  would occur a t  the  rail 240 times  per  minute ? 
And was not  the maximum  variation  represented more accurately  by 
the difference in rail-pressure  when  the  crank-pin was a t  its highest 
and  lowest  positions,  namely, a total  variation of 3  6 + 1 9 = 5 5 tons Z 
Presumably 40 miles  per  hour  had  been used in  the  investigation 
with  a view to take  full  advantage of the speed  factor;  but  for  a 
class of engine  which  had  56-inch  wheels it was not  a  practical 
speed. With reference  to  the  statement (p. 199)  that if the 
static  load of 15.15  tons had  been  increased to  15-40  tons by 
special  counterbalancing  the  nominal  load would be increased  by 
0.25 ton per axle, but on the  other  hand  the  vertical  force R would 
disappear  entirely, Mr. Carr could  supplement  this  by  citing 
another case in which it was found that by increasing  the  driving 
balance-weights  by 830 lbs., thereby  increasing  the  static  load a t  
the rail, the  variation  in load at  the  rail was reduced  from 5 tons  to 
about 1 *3   t on   a t  a speed of 40  miles  per  hour. It would appear, 
therefore,  that  strict  restriction of axle-loads  might a t  times  result 
not only in stresses being  set  up which a  comparatively  small 
increase in  static  axle-loads  might  avoid,  but also in  unduly  reducing 
the  life of tires  through  unequal  wear. 
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Nr. D e u c b m .  Mr. G. DEUCHARS observed that while the  Author  did  not commit 
himself to a definite  opinion, it appeared that  he considered the 
provisions of the  Indian  Rules were necessaryand sufficient. Witlr 
regard to  the  standard loads  prescribed  by the  Rules,  the  Author 
professed himself satisfied, and  an inspection of his  diagrams in 
Figs. 1 and 2, Plate 3, showed that  no  relaxation of the loads would 
be  permissible,  while they  appeared  to be sufficient for present  practice 
and  for  the  immediate  future. On the  other  hand, it seemed some- 
what  doubtful  whether  the  Rules legislated  sufticiently for  posterity. 
The axle-loads of Indian locomotives had  risen in the  last 15 years 
from 12 tons  to 19 tons,  and  they were still considerably  lower 
than  American practice, notwithstanding  the  wider gauge in India. 
Although  very  heavy  train-loads were not so necessary to  the 
commercial success of the railways in India. as in America,  owing 
to  the  smaller cost of running  per  train-mile,  still it appeared 
highly probable that goods train-loads,  and  consequently  engine- 
weights, would go on  increasing. It might  thus seem  desirable to  
increase  the loads, but  on  the  other  hand it appeared to be quite 
feasible to reduce  the  impact  coeficient.  Numerous  extensometer 
and deflectometer measurements  had been made  from  time  to  time 
on railway  girders  with  the  object of ascertaining  what  stresses 
were actually pyoduced by moving trains.  The  Author  had shown 
the  results of a few of such observations, and it would be worth 
while to collect the  results of others made on  French  railways ant1 
elsewhere. The deflection tests  made for many  years by Govern- 
ment  inspectors  in  India would have been invaluable  had  they  only 
been made wikh reasonably  perfect  instruments ; but,  as it was, 
they were of the  crudest possible character, the " instrument " 
consisting  simply of a pencil and a piece of paper, and  the  results 
were in  many cases largely  vitiated by bad bedding of the  girders 
on their  supports. It seemed highly probable that  the abnormal 
readings which the  Author  said  he  had neglected when  drawing 
his  curve were due  to  this  cause;  but  the  trouble was that, 
unless there was a note  to  that effect on .the record, one could not 
Ije certain  when  examining old records. If he  might  make :L 

suggestion, i t  would be that  the Railway  Board should take udvan- 
tage of their  system of Government  inspection,  and have systematic: 
observations  taken  with  suitable  instruments.  The  results of 
the  extensometer  and deflectometer observations  quoted  by  the 
Author,  and  shown  in  curves Bl, B,, B, ancl B, of Fig. 15, Plate 5 ,  
all told  the  same  tale  (and,  all  things considered,  were  wonderfully 
consistent), namely, that  the  extra  stress produced  by the  motion 
of a train was little more than half what was provided for by the 
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Government-of-India  Rules.  The  observers,  however,  were  not Mr. Denchnw. 
content  with  this  result.  They proceeded approximately  to  double 
the coefficient arrived  at,  in  order  to  allow  for  what was called fatigue, 
and  thus obtained  final  curves  which  agreed  more or less  with the 
Pencoyd  formula. . In   t he  design of girders it was, of course, of 
the first importance  that  the possible stress  in  every  member  should 
be kept  within  the elastic limit. Now, was there any evidence in 
any of the  experiments  made  by  Wohler  and  others  to show that 
there  was  anything  in  the  nature of fatigue  in cases where the 
stress  did  not exceed the elastic limit 1 If there was no  such 
evidence, was it logical, in designing  a  member of a girder,  to , 

make an allowance  for  fatigue  on  the  top of an  allowance  for 
impact,  since it must be  assumed that  the member  was so pro- 
portioned  that  the  stress would never exceed the  elastic  limit ? It 
might be felt  that it was  dangerous to  relax  the Pencoyd  formula, 
since  there  were so many  unknown  and  incalculable  factors  in  the 
problem, and  this  feeling was expressed  by the  Author  in  his 
General  Conclusions,  where  he  said:  “Remembering  the  sources 
of stress  dealt  with  in  Section 111, the  Author confesses he 

feels no  certainty  that  the  formula I = (“o - L ~ )  is su6ciently 

liberal for new  girders.”  But  surely  the  consideration of the 
sources of possible  stress  which  he  described in Section I11 hhcl 
nothing  to do with  impact.  Such  unknown  and  incalculable  stresses 
might  form  an  argument  for  increasing  the  factor of safety  but  not 
the  factor of impact.  Should it be  considered’  desirable to  modify 
the  factor of safety,  the  question would arise  whether st lower  value 
might  not be  assumed  for  plate  girders than  for  triangulatetl 
girders.  Anyone who had  done  much  calculation of stresses in 
old plate  girders  could  hardly  fail  to be impressed  by  the  wonderful 
way in which they  went on carrying  loads  for which they  were never 
designed, ant1 under which they  should,  according  to calculation,  have 
broken  down  years  before.  The  impression  was thus created that 
the  factor of safety  erred  too  much  on  the  safe side, and  it appeared 
worthy of consideration  whether,  taking  into  account the com- 
parative  absence of unknown  sources of stress  in  the case of plate 
girders,  the  permissible  tensile  or  compressive  stress  might  not be 
increased in  their case beyond the  8-ton  limit of the  Indian Bules. 
If the  Indian Railway  Board  contemplated  modification  of  their 
Bridge  Rules,  he  ventured  to  suggest  that  before  any  change was 
made further evidence  should be collected  regarding the maximum 
stresses  which  were  actually  produced by  moving  trains  in  girders 
of different  spans. 
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Mr. Grassct. Mr. E. GRASSET, of Madrid,  stated  that  the  calculation of metallic 
railway  bridges in  Spain was governed  by  the  detailed  instructions 
of a  Royal  Decree  dated  the  25th  May, 1902. These  instructions 
took into  account : (1) the dead  load ; (2) the  live load ; and 
(3) the effects of wind,  changes of temperature,  and  stresses  pro- 
duced during erection. With  regard  to live  load,  a  standard  train 
was  assumed,  formed of two  locomotives,  each with  four  driving- 
axles,  followed  by  their  tenders  and  an  indefinite  number of 
wagons. For the  bending-moments  the  locomotives  were  con- 
sidered  to be placed front  to  front,  the  wagons  extending  in 
both directions. For the  shearing effects the locomotives  were 
placed  one  behind the  other,  heading  one  train  only.  The  loads 
per  axle  detailed  in  the  regulations  had  been  exceeded  in practice, 
but it was prescribed that when the loads  were  larger  the  calculation 
was to be made  according to  the  actual  estimated loads.  To take 
into account the dynamic  effects for spans of less than 20 metres 
(65 feet), it was  considered that   the  moving  load  was  increased  by 
1-30 (20 - l )  per  cent.,  where l denoted  the  distance  between  the 
supports of the  span.  Wind-action was allowed for as described  by 
the  Author,  but was not  taken  into  account if it did not  amount 
to more than 12-5  per  cent. of the maximum  load  allowed.  The 
permissible  stresses for steel  main  girders were :- 

Span (Distance  between Snpports). 
I ' Kilopams pe? Tons per 

Sq. Millimetrr. Sq. Inch. 

--------I-_,------- 
Stress. 

Metres. Feet,. 
u p  to 20 = 65 . .. . . , , . . . 1 8.5 to 9.0 = 5 ' 4  to 5 . 7  
20 ,, 50 = 65 to 164 . . . . . . . ' 9.0 ,, 10.0 = 6.7 ,, 6 . 4  
60 ,, 100 = 164 ,, 328 . . . . . . . I 10 .0  11.0 = 6 . 4  ,, 7.0 

Beams, columns and floors . . . . . . j 7.5 = 4.8 

For pieces subjected to alternating  tension  and  compression  the 
permissible  stress was diminished  by  one-third. For constant 
shear  the  stress  allowed was 7 kilograms  per  square  millimetre 
(4 .5  tons  per  square  inch) ; for  variable  shear, 5 50 kilograms  per 
square  millimetre (3.5 tons  per  square inch). The  permissible 
stressus for iron  were 75 per  cent. of those  for  steel,  for  stress in 
the  direction  in  which  the  plates  had  been rolled, and 50 per  cent. 
for  transverse stresses. The  quality of the  material was governed 
by the  following  requirements. For steel :- 

Minimum  breaking strength . 40 kgs. per sq. mm. (25 * 4 tons  per sq. in). 
Elongation . . . . . . 22 per  cent. 
Apparent  elastic  limit . . . 22 kgs. per sq. mm. (14 tons  per sq. in.), 
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Taking  into  consideration  the  increase  in  the  weight of the Nr. Grsxsct. 
rolling  stock,  and  in  order  to  provide  a  margin  for  the  future, 
the  Northern  Railway of Spain  never  worked, in  the designing 
of  new  bridges,  up  to the  limits  allowed by the  regulations. AS 
:L general  rule  the  limits used in calculation  for  all bars, girders, 
or  plates  were  only 70 per cent. of those  allowed, taking  into 
account  all fixed and  movable  loads  and  the  action of wind. 
The  number of bridges  on  that  railway was about 2,000. When 
the new  and  heavier  locomotives  were  introduced it became 
necessary t o  make  tests  with  the  new  loads  on  all  the  bridges, 
examining  them  carefully,  and  subjecting  them  to  static  and 
dynamic  experiments,  with  trains  formed as described  in  the 
regulations.  The  deflections of beams  were  noted  with the 
Berthelemy  apparatus,  and  the effects a t  joints  and  in  different 
cliagonal pieces with  Manet  apparatus.  Those  bridges  which  did 
not give  satisfactory  results  had been strengthened or renewed, 
the  trials  being  repeated. He  enclosed particulars of some 
trials  made  on ptrt of the  line between  Palencitt and La Corutla.' 
Besides the  ordinary  maintenance of such  structures, a report of 
the  state of each  bridge was  made  every 6 months,  after  careful 
examination. 

requirements of the specifications in use  by the  Government of 
India did not differ  much  from  American  practice. The  statement 
(p. 182) to  the effect that  in American  practice the  girders  were 
comparatively  light  was,  however,  rather  surprising,  in view of the 
weight of the locomotives  used in  India, as shown in  Plate S. 
!Che Author seemed to have covered the  question  quite  fully, 
including  theoretical  investigttions as well as practical  tests. He  
showed the  many  uncertain  factors  which  entered  the  question, 
and which  were  generally  provided  for  by the  impact coefficient. 
It was this  large  number of unknown effects, many of which  were 
not  subject  to  accurate  analysis, that  made  a  theoretical  solution 
of the problem of little  value  except  as a guide.  Numerous 
so-called  impact  formulas  had  been  evolved,  some based on the 
length of loaded  span,  others  on  the  relation  between  the  static 
and moving  loads, it being the object of all to  provide  an  allowance 
for impact effect,  secondary  stresses,  corrosion,  accidental  defects 
in material, etc., or, in  other  words,  to  give a factor of safety 
sufEcient  to take  care of these  unknown effects, in  addition t o  
the  factor of safety allowed by the  unit  stresses  adopted.  The 

Mr. GEORGE W. KITTREDGE, of New York,  observed that  the DIr. Kittredgr. 

~~~ ~ ~ ~~~ - .~ 

In t l ~ e  Iustitution lilx-ary,-SEc. INST. C.E. 



248 COBRESPONDENCE ON IXPACT COEFFICIENTS [Minutes of 

Nr. Kittrcdge. reports of the American B;zilway Engineering  and  Maintenance of 
%'ay Association's  Committee X V  (on Iron  and  Steel  Structures) 
covered  practically the same  ground  as  the  Paper,  though  the  matter 
\vats presented  somewhat  differently.  Mr.  h'ittredgc believed the 
Committee had again  taken up the problem and would  soon  make :L 
further  report.  The  impact  coeficient  adopted in the 1910 Bridge 
Specifications of the  Sew  Pork  Central  Railroad was that  referred 
to by the  Author  as tbe " Pencoyd " formula, and was largely  used 
i n  the  United  States.  At  the  time  it was adopted  by  the R'ew York 
C>entral lines  the  experiments of the American Rai1w:Ly Engineering 
Association had  not  heen published, and st:tndnrtl  practice was taken 
:LY a guide. It was also  desired to  adopt R formula which was simple 
in application. The experiments  made by the Association showed 
that  the  form&, made 3 proper  allowance for  impact  eEects on 
hpans up to 100 feet  in  length,  whicl~ would  practically always be 
of plate-girder  ronstruction,  and  free  from  secondary  stresses  due 
to eccentric connc.ctions, such as occurred in riveted  trusses. On 
spans  exceeding 100 feet  in  length  the  formula  gave  an allowance 
considerably in  excess of experimental  results ; but  he  thought  this 
was  proper, as  in  this case the spans became truss  spans  in which 
secondary  stresses  might  be  expected. It would  :~1so  seen1 that   in  
long  spans  the effect of vibration  synchronous  with  the  impact of 
unbalanced  drivers,  etc.,  would  be  more  marked. Further,  in  the 
formula L was taken as the  length of loaded track  producing  the 
stress, so that,  in :L double-track  bridge, L for  the same  member 
was twice as great  as  in a single-track  bridge of the same span- 
length.  This  reduction wits not  apparent  from  the  curve. I i e  
forwmded a diagram  giving coeificients  derived  by the formu1:ts of 
the New York  Central  lines,  tbe  Committee XV referred to  above, 
:and the  Author. Of these, the American  Railway  Engineering 
Association  formula  probably  approximated  most closely to  the 
effects of impact  only, as determined  by  experiments,  but  appeared 
to  make  no  allowance for secondary  stresses,  etc.  The  formula 
proposed  by the  Author would, Mr.  Kittredge believed, be inade- 
c p t e  to provide  for  even the  impact effects, and  in his  conclusions 

Bulletias Nos. 126 and 163 of the Association. Also printed  in  its Proceedings, 
~ o l .  12 (1911), pt. S,  p. 12, and vol. 15 (1914), p. 407. [The  communicatiow of 
tllis Correapontleuce contain  several  statements a8 to the investigations and 
conclusionn of the Committee  here  referred to, These  statements being coveml, 
as regards matters of fact, by the account given by Professor Turneaure, Chairman 
o f  the  But-Committee on Impavt (Ree post p. 268), they are not repeated in 
clt:titil.--SEc. Iwr .  C.E.] 

The curve8 in this diagrnm are  identical  with thoae shown in R q .  25 (post 
1'. 254).---S~c. INST. C.E. . 
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the  Author  practically  admitted  this.  Apperently  his  formula was M?. ~ i t t r c c ~ r c ~ .  
proposed  principally for use in calculating  the  strength of existing 
bridges. It was the practice of the New York  Central  Railroad-and, 
Mr. Kittredge believed,  preferable-to use one  formula for impact 
for  both old and new  bridges,  with  higher  permissible unit  stresses 
in existing  bridges. H e  appended  the  rules  adopted by the 
New York Central  Lines  Bridge  Engineers’  Committee,  giving  the 
maximum permissible unit stresses in  existing  bridges. 0 1 1  tlle 
whole, the  Paper RXS very  complete  and  interesting, nntl fnrnislretl 
some gootl data on a  pressing  problem. 

S E W  YORK CENTRAL LINES  BRIDGE ENGINEERS’ COMMITTEE. 

B[ASI \ l r>I  AkLLO\$”LL3L13 ITNIT STRESSES I N  OLD BlttD<;EJ WIT11 OPEN-FLOOR 
COSSTRUCTIOW.~ 

1. In calculating stresses, the effects of eccentric loading and secondary 

2 .  In plate  girders the web dm11 be considered effective in redisting moment, 
provided it is spliced for the mme, and stressea in fiangc rircts  are t r ~  l , ,>  
computed accordingly. 

stresses  due to  unusual details  shall  be hken  into account. 

3. The effect of impact  shall  be  included a8 per the 1910 specifications. 
4. The calculationa of stresses shall be nlade for the equipment  in actunl w e  

orer the  structure,  or which is intended to  be used in the near future. 

o.zi. soft j Wrought Iron and 

L + D + I  L i - D i - l  

Stresses : Stresses : 
Ll~s.  per Sq. III. Lis. per Sq. 111. 

Axial  termion + secondary stresses . . 24,000 20,000 

I __~__ ~ Bessemer Steel . 

~ ~ - ~ _ _  - ---___ 

.q. Truss 2~ft‘J)lbrrS. 

,, conlpl-e.;sion + secon(1:try strcs;.es 21,000 - 9:: ~ 17,500 - 75 
I I 

Shear . . . . . . . . . .  18,000 
Hearing . . . . . . . . . .  36,000 

6. Plate ( ; irdew using i- N e t  Section of Wrh. 
Kstretne fihre stress (tension) . . .  : 26,000 

,, ,, ,, (compression) . . ’ 26,000 - 100 - 
l 
T 

Shear . . . . . . . . .  . 
~ 20,000 

Average shear on net section of \vehs . 90,000 
Hearing . . . . . . . . .  40,000 

15,000 
30,000 

22,000 

32,000 - 86 ~ 

18,000 
18,000 
36,000 

l 
v 

7. Holled I-Beaww. 
fixtrenle fibre stress (tension) . . .  26,000  22,000 

,, ,, ,, (compression) . I 
26,000 - 40 - 22,000 - 40 ~- 

7 
* l  1‘ l ’  

Steel not known to be O.H. shall be classified as wrought  iron. 
_- 

1 Compiled from the   uhutea  of the 76th and 76th meetings of the Co~nmit,tec. 
p4r;graphs *re renumbered aud slightly rearmnged.--G. \V. E. 
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&. Kittredge. 8. For  field  rivets  only  five-sixths of the nurnber sl~all be  considered 
effective. 

9. In I-beam groups  having  only  riveted  diaphragms  between the beams  and 
no lateral  system  between the groups,  take for one case I = the distance C. to c. 
of bearings ; for the  other case take I = the  greatest  distance between  centres of 
any  two  adjacent  diaphragms.  Take the average oP the two  calculations  as the 
extreme fibre  stress. For groups  with  non-riveted  diaphragms,  such as bolted 
cast  separators,  take I = distance C. to  C. of bearings. 

10. It is recommended that when the calculated  stresses exceed the  fore- 
going limits  the  structure  shall be strengthened  or renewed. 

11. Bridges  in which stresses  with  full  impact  exceed the foregoing  limits  shall 
not be kept  in Bervice under  restricted speed  unless the bridge8 are located  where 
continuous  control  and  verification of the xpeedri may be obtained  by  means 
independent of train  orders  or signboards. 

12. If t,he  bridge is located  where the locomotive must be started,  the speell 
increased, or the brakes  applied, on the bridge, the  structure shall  not  be  kept 
in  service under speed  restrict,ions. 

13. If the ohservation of the  structure,  uuder loads causing dresses  equd to 
or less than  the foregoing  limits, sho\vvs ~vc:~kn~:~s,  the  structure  1n~y m c d  
renewd. 

Sir Bradfc 
Lcslie. 

,rd Sir BRADFORD LESLIE remarked th:Lt it appeared  to  him  the 
subject of this  interesting  Paper was tile dlowance  for  increased 
stress  due t o  momentum  consequent  on  deflection of a  span,  for 
which “ imprtct ” was a  misnomer. A train passing  over  a  bridge 
gradually  increased  the  aggregate  load on  the  span  and  gradually 
increased the deflection  thereof. I n  dropping by the  amount of 
the deflection, the mass  acquired  momentum  which  imposed  strains 
in excess of those  resulting  from  a  static load of the same  aggregate 
amount ; but  the momentum  due  to  gravity was gradually  arrested 
by the increasing  resistance of the  girder  span t o  deflection. Thus 
it appeared  that a train  running  on  to  a flexible girder  span gave 
no  sudden  shock  to  the  girders ; the  strains  on  them  were  increased 
gradually.  Projected at   any given  velocity  over  open  space,  a 
solid  body falling  freely  acquired vertical  momentum varying  in 
proportion  to  the  square of the  horizontal  distance  from  the  abut- 
ment ; thus,  the  shorter  the  span,  the less the  vertical  momenturn 
due  to  gravity. I n  short  spans  the  deflection of rolled joists of 
adequate  strength  and stiffness was so inconsiderable that  gravita- 
tion  momentum  consequent  thereon was negligible;  therefore  in 
such  short  spans  the ‘‘ impact coefficient ” was zero. The ‘‘ impact ” 
of two solid bodies  moving  towards  each  other in  the same  plane 
was instantaneous,  irrespective of velocity. A body or mass 
weighing 1 ton  and  travelling a t  1,000  feet  per second would  be 
:trrested  by contact  with  a  mass of 1,000 tons  travelling  in  the 
opposite  direction a t  1 foot per  second.  Projected  horizontally 
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to a distance of 1 foot,  the  1,000-ton  mass  travelling at 1 foot Sir Bradford 
per  second  would  have  fallen 16 feet  and  acquired  a  momentum 
of 32,000 foot-tons;  whereas  the  mass of 1 ton  travelling a t  
1,000 feet  per second would  have covered 1 foot  in  i&,th  part 
of a second,  and would  have  acquired a gravitation  momentum 
of ~ ~ o o o  foot-ton, or about 0.07 foot-pound.  Theoretically, 
therefore,  the  higher  the speed of the  train  and  the  shorter 
the  span,  the less the effect of so-called “impact.” It was like 
skating  over  a piece of thin ice-the faSter  the pace, the less the 
danger of breaking  through.  The  fact  that R train  consisted of 
numerous  units, of which the locomotive was by far  the heaviest, 
resulted in  the moving  load  on  spans of 60 feet  and less  being  much 
greater  than  the  average  distributed  live  load  on  longer  spans. I n  
very  short  spans (10 feet or less) the moving  load  might  be that 
on the  crank-axle,  say 18 tons,  concentrated at   the  centre of tlre 
span,  plus  crank-impulse,  which was greatest  on  rising gradientJs, 
subject, of course, to  the  distributing effect of the  stiffness of tho 
track.  Such  abnormal  loading of very  short  spans  might be  terr 
times  the  dead  weight of the  light  girders,  even  when  they  were 
designed strong enough to  carry  the heavy  moving  loads.  The 
consequent  vibration was apt  to cause  creep of the  superstructure 
and,  through  holding-down bolts, to  dislocate the masonry of the 
abutments. To guard  against  this it had  been  his  practice  to  fully 
ballast  such  spans,  thereby  increasing  the  ratio of dead  to live  load 
and  consequently  diminishing the effect of live-load  impulse.  The 
superior  smoothness of the  running over ba.llasted bridges on which 
the  ordinary  permanent way  was laid was a  great  improvement. 
With  reference  to  the  investigations of Professor  Willis in 1849, 
mentioned  on p. 199, Sir Bradford  Leslie  had  personally  tested  many 
bridges  under  moving  loads,  and  his  experience was that deflection 
was not  affected by variations of speed : indeed, he  had failed to 
detect  any  difference  between  deflection  under  static  and  under 
moving  loads. The  destructive effect of “ impact” was  local : e.g., 
a  pile-head was crushed  by  repeated  impact of the monkey, but  the 
remainder of the  timber pile, though it was  forced  into  the  ground 
by  the  momentum  imparted  by  the blow of the  monkey, was 
uninjured. A bar of iron or steel  suspended a t  one  end,  and 
subject to  constantly  repeated  “impact ” from  a  hand-hammer at 
the  other end,  would vibrate  throughout  its  length,  and  by  degrees 
would be  crushed  completely  out of shape a t   the  end  struck,  but 
would sustain no alteration of structure  elsewhere.  The  main 
girders of a  bridge  sustained the live load through  the  track, which 
protected  them  from local damage from “impact.” If, then,  the 

Leslie. 



252 COl1KESPOSI)ESCE ON IMPACT COEFFICIEETS [Minutes of 

Sir Eradford girders were  properly  designed to  sustain  the  vertical  momentum 
of the  aggregate loading, live plus  dead, due to deflection, without 
being  strained in  excess of the  elastic  limit,  and if the  girders were 
protected  from corrosion, their traffic life would be infinite ; which 
was confirmed by  experience  as  far as it went.  The  destructive 
effect of changing a body's momentum was not affected  by  velocity. 
The  destructive effect of " impact " depended on  the  distance  after 
contact in which the  momentum was arrested,  and was quite 
independent of the  time  taken  in  travelling  that distance. Thns 
:L projectile  weighing 1 ton  might he discharged from a gun,  say, 
40 feet  long  with a muzzle velocity of 2,000 feet  per second in 

second. The  momentum of the projectile, say 2,000 foot-tons, 
less the  resistance of the air, on its striking a steel  armour-plate, 
would probrbly  result  in mntud  destruction of plate  and projectile 
--the effect of impnct. The  imparting of this  momentum  to  the 
projectile, beginning at nothing a t   the  breach, was distributed 
gradually over a distance of 40 feet,  with a mean velocity of 
1,000 feet  per second. Although the  time  taken (g5 second) was 
infinitesimal,  the  energy developed by the explosive in a properly- 
designed gun  had no destrnctive effect on the  gun  or projectile, 
except that  due  to  the  friction caused by  rifling and  weight of 
t,he projectile, the recoil, of course,  being  absorbed  by the backing. 
Momentum  induced  or  arrested  by  energy,  or  resistance  distributed 
over a certain  distance,  had  no  destructive effect irrespective of the 
time occupied in travelling  that distance. 

>rr.>rIn.ckenzie. Mr. A. C. MACKEKZIE, of Montreal, considered that  the Yaper 
was of considerable value  as a guide to a formula which woultl 
closely approach  the  actual  dynamic effects of moving loads. The 
Author's discussion was particularly  applicable  to  Indian couditiorls, 
but as the  Indian  Government specifications had the same  impart 
formula  as was at present used by  the  Canadian Pacific Railmn.y, 
Mr.  Mackenzie attached a diagrammatic comparison (Fig. N), which 
might be of some interest :IS showing the views held by  Cmaditm 
r:dmays  in  regard  to  this  matter.  The curves used by tho  
Canadian Pacific Railway aucl the  Dominion  Government would be 
seen to lie  very dose together for spans between 80 feet  and 300 feet. 
For  short  spans (up to 80 feet)  the Dominion Government  curve 
gave considerably higher values than  that of the  Canadian Pacific 
Railway Company, and  the  additional  material  for  short  plate 
girders and bridge-floors  was quite noticeable. It was questionable 
m-hetther the increase in the coeflicient for  impact  for  short  spans 
specified by the  Dominion  Government was justified to  the  extent 
shown. Undoubtedly  the floor-system, namely, the  stringers ant1 

Leslle. 
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floor-beams with  their connections,  suffered  considerably more  than Mr.Mackenzir. 
truss rrlembers, but the increase was, he  thought,  too much on the 

FLY. 24. 

for spanx up t o  80 feet, S (0.40 - ‘E). 

safe side, judging  from  the  curve proposed by Professor Turneaure, 
;Lnrl also from  the  curve  representing  the  results of the  tests 
nlade by a Corumittee o f  the American RitilTJ-ay Engineering 

I 
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Mr.Nackenzic. Ass0ciation.l I n  recent  years  the  tendency of the  Canadian 
Pacific  Railway  had  been to avoid the use of rigid floors by 
spreading  the  stringers,  thereby  getting  the  benefit of the  elasticity 
furnished  by  the sleepers. That such an “ elastic ” floor had  a 
cushioning effect with  respect to impact,  and  gave  smoother  curves 
for  impact coefficients, had  been  clearly  demonstrated  by  test 
diagrams  prepared by the above-mentioned  Committee. 

Mr. W. E. PINCOYBE considered that  the effect of moving  loads 
on  railway  girders  merited  the  attention of The  Institution, as it 
was a  subject  about which there was great  diversity of opinion. 
I n  Fig. 25 he  had  plotted  the  formula of the  Committee of the 
American  Railway  Engineering and  Maintenance of Way Asso- 
ciation,’ the  curve of the  Government-of-India  Standard  Impact, 
which  was the  same  as  the  Pencoyd,  and  the  curve of impact  put 
forward  by  the  Author  as  a basis for  discussion. I n  1911 the 
old wrought-iron  girders, of 150 feet  span, of the  Hollohur  bridge, 
on the  main  line of the  East  Indian  Railway, being  considered too 
weak for the traftic required  to  pass  over  them,  were  dismantled 
and replaced  by  new  and  stronger  steel  girders.  The  material of 
one  span of the old wrought-iron  girders of the down road was 
tested  to  ascertain  its  condition,  both  physically  and  chemically, a t  
the Company’s  workshops a t  Jamalpur.  These  girders  were of a 
closely-latticed type.  The  lattices  were  riveted  to  the  upper  and 
lower booms, the  lengths of the lower booms being  connected 
to one  another  by  pins l& inch  in  diameter.  The  cross  girders 
carrying  the  track  were spaced 3 feet 4 inches  apart,  and  were 
suspended  from the lower booms. Formerly  the  rails  were  carried 
by longitudinal  timbers  over  the cross girders ; but  in 1898, owing 
to  the weakness of the cross  girders,  longitudinal  Z-bar  rail-bearers 
were  substituted,  to  distribute  the  axle-loads,  as  described by the 
late Mr. C. F. Findlay, M .  Inst. C . E 2  It was estimated  that 
during  the 48 years 110 days  the  girders  had been in  the  line 
about 210,000 trains  had  passed  over  them.  The  results of the  tests 
made at  Jamalpur were  given  in  the  accompanying Ta.bles I and 11. 
In Table I (p. 256) the  results of the  physical  tests were  shown  parallel 
with  the stresses the  members would have  had  to  bear  under 
different  loadings.  The  heaviest  goods-engines  which ran over 
these  girders  were  known  as “ C  class”  engines,  and  the stresses 
under  these  engines followed by a goods-train were  given in 
columns Nos. 5 and 11. Wind  had been allowed for  in  column No. 11, 
though,  being less than 25 per  cent. of the  total  stress,  it  might  have 

See footnote No. 1, p. 248, ante. 
. - ~~ .. - -~ 

’ Minutes of Proceedings Inst. C.E., vol.. cxli, p. 17. 



Proceedings.] FOR RAILWAY GIRDERS. 255 

bcen neglected under  the  Government  Rules.  Imp& had been Xr. Pin- 
neglected, as  the speed of trains over the  girders was restricted to 
10 miles per  hour.  The " G class " engines of columns Nos. 6 and 12, 
although in use  on  other  portions of the  line, were not  run over 
these  girders. Columns Nos. 7, 9, 13 and 14 showed the  stresses 
which would have been obtained  had  the  girders been subjected 

combc. 
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to  the  Government  Standard loads. He  thought  the  results 
of the physical tests were what would be expected of material 
indicated by the  results of the chemical tests  (Table 11, p. 258), with 
the exception of the  material from the cross girders.  The  highest 
stress to which the  main  girders  were  subjected occurred in  the 
net section of the lower boom at the  middle of the  span. It 
amounted  to a tension of 6 .50  tons  per  sauare inch, and as 
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Mr. Pin- 
combe. 

R i n d ,  Engine Engine 
C Class C Class 

Load. , y 1  and 
l rani. Train. 

1 'Tons. 

Compression ' 
lattices e t  I C ' O.St  
abutment I, 

6 

0.?4i .. 7.05 
I 

3.19 

s.10 
s.95 

l 
7 8 ' 9  1 0 , 1 1 (  

l 

3.2-1 2.14 

Irc:ld c 

inch on gross and  net sectional  areas  respectively. 
NOTES :-(U) The  figures  opposite G and N (col. No. 2 )  represeut  the  stress per q u a r c  

This is the usual  weight of Indian  goods-trains on the 8-fOot 6-inch gauge. 
( b )  The train allowed for above is taken  as weighing 1.2 ton  per  lineal foot in each case. 

95 per cent. of the total load it could be neglected  under the Government  Rules. 
(G) The  total Ftresses in cols. Nos. 11 to 14 include  wind, but as the wind  is l r b s  thau 

lnaximuln load from one  axle is comidered as supported by one webs girder.  The st,retised 
( d )  The  dresses in the flange angle-bars of the crosJ: girders are produced  when the 
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Mr. Pin- 
combe. 

12 13 , 
l >  Je 
I 

- .  

14 , 15 ' 16 

l 
l ]  < .  

Test  Pieces 2 ' 
Bent  Double 6 ~ 

Bending 
Dead + 
Wind + 
Itandan 
1903 

1,oarl + Moving 

InlpauL. 

Bend l.$ 

O f  
Test-Piece. 

! -  

/ B  Cracked at 901 

Heir cracks 
Slight crack& 

Strained  surface 
Hair cracka 

Slight cracks 
Hair cracks 

Slight cracks 

S Cracked a t  4:i0 

I HRir cracks I 
{ 

l Flaw in ten 
silc test 
pieces. 

Slight cracks 
Cracked a t  4 5 O  

1 Slight  cracks i . 5 7  16.90 

Strained surface 
Cracked a t  4 5 O  

Cracked at  90" 

l [  piece. 
l 

would not  actually  have been so high,  as the longitudinal  timbers under  thc rails distribute(1 

which  were  laid  over the cross girders in 1895 is  taken  into consideration,  these  stresses would 
the axle-loads to  a certain estent, and if the  distributing effect of the continuous  rail-bearers 

be reduced,  as rlescribed in Mr. Windlay's Paper  (Minutes of Proceedings Just. C.E., vol. cxli, 
p. 17. The flange stress would also  be reduced by the end  connection of the cross girder, hut 
It would be  impossible to  my  to what estent. 

mostly  cracks in the  outer lamina. 
( e )  The cracks referred to  in col. S o .  IS werc 011 the  outer surface and appeared to  be 

[THE INST. C.E. VOL. cc.] S 
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"l" TABLE II.-cHEXICAL TESTS OF BORINGS TAKEN FROX THE TENSILE combc. TEST-PIECES IN TABLE I. 

Test- 
piece. 

' A  
Tension lattices at) I B 

abutment . . 

D 

tices at  abutment 
P 

of .span . . . 
J 

Carbon. 1 Silicon. 1 SIIIP~III  

Per Cent. I Per  Cent. Per Cent I-- 

0.12 ! 0.205 0'003 
Trace ' 0.196 ~ 0-005 

1 
l -___ 

Trace 
Trace 
Trace 
Trace 
Trace 
0.12 
0.10 

0.10 
Top booms at  mid- ~ 

dle of span . 1, Trace '1 hf Trace 

Tie-bars of bottom( Trace 

0'214 0.004 
0.205 
0.176 

0.167 
0.176 
0.167 
0.167 
0.158 

0.004 
0.004 
0,005 
0'004 
0.004 
0.008 

0.008 

' I  
Upper flange L-bars 

of cross  girders . { 
Lower flange L-bars I 

of cross  girders .{ ~ 

I 

girder webs ?:{ ~ 

Middle of 

0 ~ Trace 0'158 

P , Trace ~ 0.140 
T  Trace ' 0.149 
U Trace 0.140 

T V  Trace 1 0.140 

S Trace 0'149 
V Trace 0.187 
T , Trace 0.158 

1.158 

i 
i 
- 

Phosphorus. 

Per Cent. , Per Cent. 

Manganese. 

0.303 I 0.08 

0.215 0'09 

0.283 ! 0'08 

0.251 ' 0.08 

-- 

0.229 1 o.08 
0.258 1 0'08 

0.227 j 0.08 

0.252 0.05 
0.305 1 0.04 
0.226 , 0 '03 

0.146 

0.179 
0.006 0.205 
0'005 

0.005 
0.005 

0.004 
0.004 
0.005 

0.004 
0.006 

0.225 
0.279 
0.232 
0.309 
0.326 

0.383 
0.325 

0'05 
0.07 
0.07 
0'04 
0'10 

Trace 
Trace 
Trace 
Trace 
Trace 

0 + 4 2 3  I Trace 

2 * 12 tons of this was due  to  dead load, the  range of stress was 
4.38 tons  per  square  inch. In   the  earlier  period of the  life 
of the  girders,  before  the  speed was restricted,  the  range of 
stress,  including  impact, was possibly  greater  than  this,  although 
the loads  were  lighter,  According  to  the  third  Table of Section IV 
of the  Paper  (p. lSS), a  mild-steel  plate  broke  after 3& million 
applications of a stress  ranging  from 0 to 16 tons per  square 
inch,  which  would be equal to  a  range of 11 tons per  square 
inch for wrought  iron of the  kind  in  the  Hollohur  Bridge 
girders.  This  range was up  to  the elastic limit,  and  more 
than double the  range of stress  in  the  Hollohur  main  girders. 
There was nothing  to  show  that  those  main  girders would not have 
sustained  an  indefinite  number of a.pplications of the load they had 
been  subjected  to,  as  the  tests  indicated  that  the  material  was 
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probably as good as when the bridge  was  built.  With  regard MI. Pin- 
to  the cross girders,  the case was not so simple. Indian wagons 
had  usually  two  axles.  Taking thirty wagons  per train,  as  given 
in  the  third  paragraph of the  Author’s  conclusions,  there would be, 
say, seventy  axles in  an  engine  and  train. For the purpose of this 
discussion the axles  might be considered to have  all  the  same load, 
although  the  engine-axles  would, of course,  have  heavier  loads than 
the  others.  The  number of applications of the  stress would then be 
70 X 210,000 = 14,700,000. The  results of the  tensile  tests  for 
the cross  girders  were  not so satisfactory  as  for  the  main  girders, 
:W the elastic limit  appeared  to  have  been  raised, n.nd the  extension 
was  small.  This,  however,  might  be  due to  the excessive stress 
to which the  material  had  been  subjected;  and  had  the cross 
girders  never  been  stressed  beyond  the 6 tons  per  square  inch 
usually  allowed, it was  possible the  tests would  have  been quite 
satisfactory. I n  conclusion,  he thought  there  wis  no evidence 
to show  that,  in  well-designed  girders  subjected  to  a  stress  and 
range of stress  not  exceeding half the elastic limit,  the  material 
suffered  from  “fatigue.”  Girders  were  never  subjected  in  actual 
practice to  such  severe  stresses  and  ranges of stress as in  the 
Tables  given in Section I V  of the  Paper.  Before  any  decision 
could be come to,  however, it would  be necessary to make  further 
experiments  like  those of Sir  Benjamin  Baker  and  Professor 
Bauschinger, but  with stresses and  ranges of stress  not  exceeding 
those  for  which  girders  were  designed in  actual practice. In   the  
meantime  he  recommended  for  consideration  the  curve for moving 
load and impact  deduced  from  the  experiments of tlle  Committee 
appointed  by  the  American  Railway  Engineering  and  Maintenance 
of Way Association. It was higher  than  the  Author’s  curve for 
small  spans,  while it was not so severe  on  large  spans as the curve 
of the  Government of India.  There  were few  members in girders 
subject to reversals of stress,  and  such cases were  provided  for in 
No. 14 of the  Indian  Government  Rules (p. 180). 

material  due  to  rolling or to  the  handling  and  straightening  in 
the  girder-yard  need  worry  engineers  much.  Those stresses  were 
very local. After  metal was once worked  into  a  bridge it was not 
the  actual  maximum  stress  that  need be considered, but only the 
range of stress. If there was a very  high  initial  stress  in  any  part of 
the  material  it was possible that, when the bridge was in use  and 
the maximum  live-load  stresses  were  acting, the elastic limit would 
be exceeded locally. There woultl then be a slight  yielding of the 
particles on the side of the  plate or section  where the  stress was 

combe. 

Mr. D. H. REMFRY did  not  think  that  initial  stresses  in  the Mr. Rernfry. 

S 2  
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JI~. Bemfry. high.  This  yielding would throw  more  stress  on  the fibres on the 
further  side of the  particular  section, which  fibres  were initially 
under a stress opposite i n  sign  to  the  stress  on  the fibres on  the 
over-stressed side. There would thus be a levelling-up  of tho 
stresses and :L reduction of the  initial  stresses by the  slight plastic 
deformation. It was very probable that  quite :L considerable 
amount of levelling-up of stresses  went  on  during  the  active  life of 
:L girder.  Certain stresses  which the  Author  had  omitted t o  
mention should  be included, namely, erection stresses. It was 
probable that  the  initial stresses in a girder  due  to  the  erection 
were  much  higher  than was generally realized. Often  girders 
were  erected in a river-bed,  or  on  soft  ground,  and it was found 
that,  tlle blocking for  giving  the camber  yielded gradually. l n  
fnct,  sometimes it was quite impossible to  stop  this yielding, as 
the  vibration caused by the  riveting-gangs at work on the sp:w was 
enough to  start   i t .   In such a, case it was usual  to check and correct 
t,he camber from  time  to time. Very considerable  stresses were set 111) 
in a partially-riveted  girder when the camber was readjusted,  thougl~ 
they were fortunately  similar  to some evt,ent  to  the  initial  stresses 
in  the  material  due  to  handling,  and  tended  to disappear slowly in 
service. They were, however, more serious in  their action th;m 
these  latter stresses, it being quite possible for  an  erection  stress  to 
affect the whole section of a member, instead of only the  component 
parts.  Such  erection  stresses were  considerably more  important 
than  either  accidental defects in  the  material  or  initial stresses due 
to rolling  and  handling.  There were certain  stresses  often  met 
with which came partly  under  faulty  workmanship  and  partly  under 
erection  stresses:  these were due to  unequal  distribution of stress 
between the  two halves of a member. After  strengthening or 
replacing  several miles of bridgework  he  had been surprised at the 
1;trge number of cases of uneven  distribution of stress which had 
come under  his  notice. It had been found  generally necessary 
in  strengthening a span  to  examine it carefully  for uneven 
distribution of stress  and  to  make provision for  readjustment. 
Spans  such  as were  designed 20 years ago generally  had  their 
tension members made  up of two  flat bars, and it was very usual 
for one of these ba.rs to be carrying  the whole of the dead-load 
stress. H e  had come across cases where  one of the  two  bars of a 
tension member had  to  carry all the live-load stress  on  the bay as 
well, the  other  bar  being so buckled that it never  straightened 
under  stress at all. It was evident  that, if cases like  this  had  to be 
dealt  with, a very  large  margin of strength  must be allowed in fixing 
the working-stresses. I n  sound modern clesigning a pair of flat 
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bars for a tension menlber of a bridge would not be considered good &fr. Remrry. 
practice. A t  least,  channels would be used instead of flats, :tnd these 
channels,  moreover, would be laced. It was extraordinary how much 
weight was  added  by  lacing. I n  some designs he  had  recently  got 
out  the lacing of the tension members  added about 14 per  cent. 
to the  total  weight of those members.  Most of the  unequal dis- 
tribution of stress could be eliminated  by improved  design, and 
the allowance to be made  for it in a  new  design of a riveted  truss 
need not be  large. When deciding upon  the  maximum  stresses 
which might be allowed on an old span  under  the  rapidly-increasing 
rolling loads now coming into use, this possibility of uneven 
distribution  must  not be lost  sight of. I n   t h e  case of pin- 
connected spans  the allowance for  inaccuracy  in  the  boring of 
pin-holes in  the  eye-bars was sometimes as much as ;h inch. 
This would mean a possible variation of stress of about 
1 76 ton  per  square  inch  in  the  eye-bars of a member 20 feet 
long. Secondary  stresses  in  bridges  undoubtedly  merited much 
more consideration than  they  had received. From several 
causes the  main  girders were  subjected to high secondary 
stresses,  which,  seeing that  they  might at times be equal  to 
quite rz large  percentage of the  direct live-load stresses, i t  was quite 
illogical to neglect. The secondary stresses in a riveted deck 
system were so large  and so unevenly  distributed  that, unless they 
were carefully  investigated,  no  idea of what was happening could 
be formed. Sometimes an  attempt was made to calculate the 
stresses in riveted  rail-bearers  and cross girders  as if they were 
simply  supported beams. It was scarcely necewwy to  point  out 
that  such  treatment was absolutely  inadequate.  The  rail-bearers 
might be framed in between  the cross girders  and  rigidly  riveted 
in such a way as  to  make  them,  for all practical purposes, con- 
tinuous beams. They  might  further  have solid deck plating 
riveted over the whole  floor-system. They were therefore  not 
only  subjected to  the complicated stresses which occurrecl in 
continuous beams resting upon elastic  and  variously deflecting 
supports,  but also might be subjected to a severe  longitudinal 
stress  due to the deck-system carrying  part of the  direct  stresses 
in the booms to  which they were riveted. If the  deck-plating 
was riveted to  the  top flanges of the cross girders  and  rail-bearers, 
the  longitudinal  stresses  carried  by  the deck-system not  only  bent 
the cross girders,  but also mused  them  to  twist, especially the 
end cross girders.  The  stresses  on  the  end cross girders were often 
very  high owing to  this fact. It w:ts quite possible to calculate 
the  approximate secondary  stresses in  the  main  girders  due  to  the 
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Mr. Remfn- deformation of the  truss.  The  secondary  stresses in  the web 
members due  to  the  attachment of the deck-system could also  be 
determined  with a close approximation  to accur:lcy. It was there- 
fore  reasonable to  demand that  they should  always  be  computed, 
and  the necessary extra  section provided for  them. H e  was surprised 
at   the  results  mentioned in  the  Paper as to  the excess of deflection 
at speed  over the  static deflection. The  Author deduced impact 
coefficients from  these  results, as plotted  (Fig: 15, Plate 5). Taking 
:L 100-foot  span as an example, it would appear that  the average 
dynamic  increment of deflection was 23 per  cent., while in some 
cases it  might  rise  to as high as 34 per  cent., of the  static deflection. 
If Mr. Remfry  remembered  rightly, Mr. E. H. Stone published 
many  years  ago a curve,  deduced from  numerous  tests  made  by  the 
Government of India,  giving  the  average  dynamic  increment of 
deflection at speed. This  increment  depended  upon  the  ratio of 
the dead  load to  the  total load, and  for  ordinary  100-foot  spans 
would  be about 8 per  cent. to 11  per cent.  Modern  bridges 
were  better designed and of better  material  and  workmanship  than 
those  built 25 years a.go, and it might  therefore  be  regarded as 
certain that  the dynamic  increments in  the deflections  recently 
recorded  would be lower than  they used to be. Was it then likely 
that,  whereas  the  average  increment used t o  be between 8 and 1 l 
per  cent., it would now be 23 per  cent. ’< The  results of official tesls 
at which h e   l ~ a d  been present  or of which hc held recods w o 1 d r l  
certainly  tend  to confirm Mr.  Stone’s figures. Xew  100-foot deck 
spans  he  had  erected  had  shown  no  increase of deflection at a speed 
of 40 miles  per  hour  over  their deflection under  the same load 
at rest.  Similar  results  had been attained  with  strengthened 
200-foot  spans.  Some  150-foot  spans, after  strengthening, showed 
a dynamic  increment of 3 per  cent.  in  their deflection. I l e  had 
never recorded a dynamic  increment exceeding 20 per  cent. in a 
100-foot  span  (this  being an exceptional  case of :L very  light  span, 
insufficiently  braced,  where the critical  speed of the  train was hit 
off, and  marked  vibration  and oscillation  occurred). The  average 
dynamic  increment  to  the cleflection on  the Bengal-Nagpur  Railway 
had  been  found to be  (about) :- 

Span. . . . . . . Feet 60 100 l50 200 
Increment . . . . Per cent. 16  10 6 4 

In  exceptionally  bad cases the maximum  dynamic  increment  might 
be  double the above, but such cases were  only  likely to  occur in 
the older  spans. It was therefore difficult to avoid the conclusion 
that the  curve A, plotted  by  the  Author  as  the ‘‘mean impact 



Proceedings.] Poll WAILWAY GIBUEKS. 262 

cueflicient (deflections obtained by the  Government  Inspector of 31r. Remfry 
Railways) ” in Fig. 15, Plate 5, was not  an  average of results, 
representative of all tests  carried  out,  but was only the  mean of 
a selected number of the worst  results.  On considering the  curve 
B, giving  the  “maximum  impact coefficient (deflections obtained 
by Government  Inspectors of Railways)” it was evident that   the 
maximum  dynamic  increments  registered at any  time  in  India  had 
been three  times  as  graat as the mean, as  found  on  the Bengal-Kagpur 
Railway. There was no doubt, however, that  these  maxima  must 
have been registered  on spans of a much more flimsy nature  than 
those now being designed. The conclusion to be drawn was that it 
must be kept  in  mind  that  the  impact  on old spans which had 
light, shallow, and somewhat  flimsy girders,  and were inadequately 
braced, might be considerably higher  than it was in a  more modern 
design. Impacts  coeEcients should not, however, be deduced 
directly  from the excess deflection at speed  over the  standing 
deflection. Impact caused waves or  surges of stress  to pass 
through a span, which might,  and  often did, occur without 
any  corresponding  dynamic increase of deflection. The  dynamic 
increase of deflection resulted  from  vibrations of the loaded span, 
due  to  the  cumulative effect of a series of waves of stress caused by 
shocks. Sometimes  these  vibrations  did  not develop, and  the 
deflection at speed did  not  then exceed that  under  the  standing 
load. But,  on  the  other  hand,  the series of shocks and waves of 
stress caused by a train  at  speed might  synchronize  with  the 
natural period of vibration of the  bridge,  and  then  very  marked 
vertical  vibration  might occur, ttnd consequently a large  dynamic 
increment  to  the deflection be recorded. The  impact coefficient 
must  therefore  always allow for  the  surges  or waves of stress,  in 
addition  to  the  stress which  corresponded with  the maximum 
deflection a t  speed. Deflection tests,  therefore,  although  giving 
much  valuable  information, could not be  accepted as conclusive. 
Extensometer  readings, if reliable,  should  give more  accurate  data. 
They  should give the  maximum  stress which had occurred  momen- 
tarily in a member. Unfortunately,  nearly  all  extensometers were 
liable to  error.  Further,  when  the  instrument used was itself 
above  suspicion, it had  not always  been fixed in  the  right position, 
with  the  result  that  secondary  stresses  had been  recorded as well as 
impact.  There were enough  data  to show that  the  actual  impact 
on  the  members of a large  girder was very much less than 
the  amount  demanded by the  Government-of-India  Bridge  Rules 
From  Indian  experience  on old bridges i t  would appear unwise to 
make any reduction  in  the  impact allowances for cross girders  and 
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Mr. ncmfry. rail-bearers.  Such members  would, in  fact, be better designed if :I, 
higher coefficient were used. A very considerable saving in weight 
might be safely effected in  the  main  girders of larger  spans.  The 

formula __ 
60 + L 8o would give a reasonable coefficient for new spms : 

old spans  might  require a slightly  higher Coefficient. If any 
reduction in the coefficient of impact was allowed, all possible 
secondary stresses should be carefully calculated and  extra  sectiond 
area should be  given  where needed to provide for  them.  The  results 
of such  procedure would be that, while the  weight of the  main 
girders would be  reduced, the  distribution of metal between the 
different  members would be considerably modified ; so that, for its 
weight, the  girder designed under such  new rules would be stronger 
than  one designed under  the  present  Government-of-India  Rules. 
The effect of secondary stresses should not be exaggerated. 
Most of these were extreme fibre  stresses. I n  riveted  spins 
they  were at  their  maximum values a t  points where the member 
considered  was still reinforced in section to a certain  extent by 
the  main  gusset-plate of the  joint. In calculating  the  amount of 
materid  to  be  added  to take care of these secondary stresses it 
would be quite admissible to allow working-stresses 50 per  cent. 
higher  than  those needed for  direct  stresses. In calculating 
secondary stresses  due  to  the  truss  deformation  the live-load 
stresses should be increased only  by a percentage  equal  to  the  mean 
dynamic  increment of the deflection. This  percentage  might be 
taken as- 

Span . . Fee6 40 60 SO 100 l20 l50 200 300 
l’ercentayc . . 20 16 1.1 11 ! l  t i . t i  I 3 

In dcu la t ing  secondary stresses in  the deck mtmberx, as well as 
those  stresses  due  to  the  bending  action  on  the web members of the 
main  girders,  due  to  the  attachment of the cross girders, it would 
be advisable  to allow for a considerable increment  to  the  actual 
live load. 

LIr. Robinson. Mr. A. F. ROBINSON regretted  that  the Yaper did  not seem to 
bring  out  anything  definite or positive or especially new. The 
Committee of the American  Railway  Engineering Association,l and 
it good many  other  American engineers,  were endeavouring to 
work  out some approximate  formula covering  secondary or so-called 
indeterminate stresses. When  this hatcl been determined, even 
approximately, for regular  girders, it could be used in connection 

I See footnote KO, l, p. 248, U?&. 
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with  the  formula  for  impact  already  mentioned ; but  until  this Mr. Robinson. 
question of secondary  stresses was determined,  the  impact  formula 
only  gave  part of the  solution of the problem.  American  engineers 
in  general  did  not  seem  to be  willing to accept the  results of the 
so-called rigid  formula  for  secondary  stresses  which  had  heretofore 
been  advanced. I n  a good many cases it gave  anomalous  results 
which  he was satisfied could not  exist  in  the  actual  structures  under 
service. He  hoped the  Author,  and  English  engineers  in  general, . 
would follow up  the question of secondary  stresses in  order  to 
develop, if possible, a flexible and  consistent  rule or formula  for 
determining  them. 

interest,  not  only  to  designers of steel  bridge-work, but also to 
bridge-engineers  responsible  for  the  safety of steel ancl iron  spans 
under  loads  in excess of those  for  which  they  had  been  designed. 
Bridge  rules  appeared  to be  accepted  by  designers  with  less  criticism 
than  might  generally be expected.  This  might be due  to  a  feeling 
that such  rules as were in existence  provided  for a considerable 
margin of strength  over  and  above  that  necessary  for  a  somewhat 
greater  increase  in  rolling loads, and  that it was therefore  not of 
much consequence whether  the  margin  actually  provided  by  the 
design was proportionate  in  all  parts of the  structure.  He  thought, 
however, that when  designers  knew  they  were  likely  to be respon- 
sible for  the  maintenance of their own spans  for a period of, say, 10 
to  15  years,  greater  care was taken  to  provide,  here  and  there,  for 
such  increases in  the sections of the members as might  appear 
necessary, in view of the behaviour of spans  under  traflic.  During 
the  life of a span  the  loads  were  inevitably  incremed,  and  sooner 01' 

later  defects  were  found  to develop, not  generally  throughout  the 
structure,  but  in  certain places. Such  a  condition of affairs often 
indicated that  the  rules  under which the span in question  had  been 
designed  did not provide  for  a  proportionate  margin of strength  in 
all  members and  their  attachments. I n  fact, it was realized-often 
too  late-that  a  little  increase of section a t  some point, or a few 
more  rivets  in  some  joint, would have  saved  the  situation  by  avoid- 
ing  the  premature  renewal  or  strengthening of the  span.  He  had  been 
engaged  for  some  considerable  time in  the  preparation of the Tables 
required in  framing  the  Government-of-India  Bridge  Rules of 1903, 
and had  had  subsequently 9 years'  experience in  the  application of 
these  rules  to  the  investigation of older  bridges  designed  under 
different  systems of loading and  impact  allowances. His experience 
of  the  older  spans wits that  distortion  and  loosening of joints  occurred 
in  those  members of the  span  which had been  shown by calculation 

Mr. H. S. SALES considered that  the  Paper would be of great Mr. SLIICS. 
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Xr.snlca. to be weak under  the  (aovernn~ent-of-India  Rules of 1903. H e  had 
had  to deal with  defects of almost every kind,  but  the most  severe 
defects occurred in   the web compression and  tension members in 
the vicinity of the  centre of the  span.  Web  tension members 
became, in course of time, slack, often to  an  alarming  extent,  and 
the  rivets  in  the  joints of both  tension  and compression members 
of webs became loose. An  examination of such  stress-sheets as 
could be obtained  for  the older spans revealed the fact  that i n  
many cases the  equivalent loads used in  calculating  shears were no 
greater  than  those used for  bending-moments ; also in  some cases 
reversals of stress Lad not been  calculated or provided for. It 
would follow, of course, that   in these cases the  estimated  stress  in 
the  central web members was considerably below its  true value, 
even  under  the loads for which the older spans were  designed. 
This  partly explained the  abnormal weakness of the  central web 
members in  many of the  earlier spans, and it indicated  the necessity 
(when  equivalent loads  were used in  computing stresses) for  separate 
Tables  for  equivalent loads due  to  shears  and  bending-moments. 
H e  now proposed to consider how the  strength of the  central web 
members would be effected by such  systems of assigning values for  
impact  coeacients  as were then  in use, When  the coefficient was 
fixed as  constant  percentage  to be added to  the live-load  stresses, 
:ts was done in  the  Government-of-India JSridge Bules of 1893  and  the 
J3oard-of-Tr;Lde Rules,  the web  mcmbers wore all treated alike, not- 
\vithstnntling  the  fact t l lnt  the  range of stresh w:w vastly  greater  in  the 
\se\) members near the  centre of the  span  than  at  the ends. I n  fact, 
it was evident  that  the  central web members,  owing to  the small 
dead-load stress  induced in  them  (in  other words, their  great  range 
of stress),  were  subjected  to shocks of great violence, this  action 
often  being more  severe than  in  rail-girders  and cross girders.  This 
was especially so when  the  central  members became slack, as  they  often 
would do even in new up-to-date  spans.  Hence it would appear 
t o  follow that,  in  the  earlier designs, the  relative weakness of the 
central web members, as compared with  the  end web members, was 
partly  attributable  to  the allowance for  impact being the  same  in 
both cases. H e  considered that  this  point was of great  importance, 
and  that it should not be lost  sight of in discussions, not only as  to 
the  correct  value of impact coefficients, but also in  regard  to  the 
question  whether  the values  should  depend on  range of stress 
rather  than  on loaded length.  The  Pencoyd  formula embodied the 
principle of range of stress  for  certain members of the  span,  but 
not  for  others. For example, Pencoyd coefficients, when  applied 
to  chord members of spans of varying  length,  were  correct,  the 
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1 ~ t k  o f  1ive-lo;ttl stress  to de;td-lo;LcI stress folIowing very nearly nrr. sales. 

the  ratio of live loscl to dead loi~cl. Eut  this wits not  tho Case for 
web members, as explained by the  Author (p. 193). Mr. Sales 
regretted  that  his  notes  on  the  diagrams  (Figs. 4-9, Plate 4)  sent 
to  the  Author were not  as clear as they  might  have been. The 
diagrams  had  simply been prepared in a convenient  form  for 
collecting all the  results  together.  Impact  factors were referred 
in : d  cases to speed of trains  as abscissre, and  the  notes  giving 
ratios of live  to dead  load  were  given for  general  information. H e  
httd not  intended  in  any way to  imply  that  the maximum values of 
the coefficients for  impact were to be considered with  reference 
to these  ratios.  This would be made  quite clear on  referring  to 
Pig. 15, Plate 5. The  three  curves  depicted  on  this  diagram, 
namely, C,, B,, A,, had been obtained by drawing  lines  through  spot 
values obtained  from Figs. 4-9, Plate 4. The  curves  had been 
arranged  for comparison with  the  Pencoyd  curve shown thereon, 
and  the loaded lengths  had been taken  from  his  original  stress- 
sheets  for  the  spans, as shown in   Ph te  4. H e  found it difficult to 
develop in  detail, in a limited space, the conclusions to which 
his  observations would seem to lead.  Nevertheless, he  thought 
he had been able  to show that  the  central web members in it 

truss, whicll of all principal  members were those subjected to 
the  greatest  variation  in  stress, should be designed with a nlort9 
liberal al1ow:mce for. impact,  the coefficient being nearly  as  great 
for  these  members as for cross girders,  mil-girders  or  very 
short  spans. I n  fact,  the  method  adopted by Mr. Stone, as 
explained  by  the  Author (p. 191), appeared  to  meet  the case 
admirably.  The  greatest divergence between  the coelficients 
obtained by the Pencoyd  formula  and  the  values as given  by 
Mr. Stone  in  his Technical Paper occurred when the values  were 
applied to  the design of web  members. Unfortunately, Mr. Stone’s 
results  for  immediate effect were based on  experimental values 
obtained  from  readings  taken  from deflection cards, and it would 
generally  be conceded that, owing to  the  rough  nature of the 
experiments,  such  tests were very  crude,  and  in some cases un- 
trustworthy.  For  instance, deflections measured in  this way often 
included  movements  due to  the  vibration of the  girders  on  their 
supports.  This was  especially so in  the  ctse of light  girders of 
small  span. But Mr. Stone’s  final results  appeared  to have  been 
very scientifically arrived a t  by  the principle of the  cumulative 
result of the  immediate effect. The  large  amount of experimental 
data  presented  by  the  Author  represented  the  results  obtained  by 
painstaking  investigators,  extending  over periods of several years. 
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Afr.  SSICS. I n  Mr. Sales’s opinion the  results were quite sufficient and  accurate 
enough to  frame a new series of values  for  impact, designed to meet 
the necessities of modern bridge-design and especially :tppliceble to 
such members as were  subjected to a wide range of stress. The 
Pencoyd  formula  represented,  in accuracy, n great advance on 
former  methods of computing  impact coefficients. In his opinion it 
\v:m the  best  that  bad  hitherto been  embodied in  any  set of Bridge 
Rules,  the values for  most members in a truss  being  about  right. 
In   the  l ight  of the  experimental  data given in  the  Paper  it  would, 
he  thought, be generally  admitted  that  the  values were not too high. 
Bat for web members a formula was required which furnished 
coefficients in  terms of range of stress. 

Turnemre. 
Professor Professor F. E. TURNEAURE accepted with  pleasure  the oppor- 

tunity  to discuss the Author’s  very  interesting  and  valuable 
communication. The  subject of impact coefficients was a very 
important one, in which a growing interest  had been manifested in 
recent  years. Following his own experimental  work,l  the American 
Railway  Engineering Association undertook in  1907-10 a very 
extensive  series of experiments,  the work being in charge of the 
Association’s Committee  on  Iron  and  Steel  Structures, of which he 
was a member.  These experiments 2 appeared  to  have escaped the 
Author’s notice, but  Professor  Turneaure believed them  to be of very 
considerable value,  and  ventured  to  present  here a very brief account 
of them  and of the  results  obtained.  The  experiments in question 
mere made  on  tq-enty-one  plate-girder spans, ranging  from 25 to 
100 feet in length,  and  twenty-five  truss  spans,  ranging  from 60 to 
<X0 feet in span  length. Special test  trains were employed, con- 
sisting usually of a selected  (heavy) type of locomotive, followed 
by a sufficient number of loaded to cover the  structure. The 
ordinary  type of two-cylinder locomotive was employed in most 
cases, but  opportunity was afforded to make use also of four- 
cylinder balanced  compound locomotives, and,  in one case, of a 
heavy electric locomotive, similar to those used on  the New York 
City  Terminal of the New York  Central Railway. Twelve extenso- 
n~eters  and  one deflectometer  were employed, all instruments  giving 
:tutopaphic records. A special test  train  being n t  the disposal of 
tho Committee,  the  experiments  were  made by running  the  train 
:LC~OSS the  structure a great  many  times  and at various speeds, 
ranging from 8 or 10 miles per  hour  up  to  the  maximum speed 
practicable  in  the  particular mse-generally 60 to 70 miles per 

Tmns. Alrlerican Society of Civil Engineers, 1899. 
* Arnericau Railway Engineering Association, Bulletin No. 125, 1910. 
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hour. By this means the effect of high speed was determined by Professor 
direct comparison with  results a t  very low speeds, the  latter  being 
taken as substantially  static stresses. The  important  factors  causing 
:m increase of stress, which  was here called ‘‘ impact,” were :- 
( l )  Unbalanced locomotive  driving-wheels ; (2) rough  and  uneven 
track ; (3) flat  or  irregular wheels ; (4) eccentric wheels ; (5)  rapidity 
of application of load ; (6) deflection of beams and  stringers,  giving 
rise  to  variations in   the action of the  vertical load. Of all of these 
fwtors,  the  action of the unbalanced  locomotive  driving-wheels 
was shown quite conclusively by the  tests  to be by far the most 
influential  in  causing  impact. A t  least 80 per  cent. of the  increase 
in  stress  or deflection was  found to be due  to  this cause. Where 
balanced locomotives were used, such as the balanced compound and 
the  electric locomotive, the  impzct was found to  be very small. 
Another  interesting  and significant feature was well brougllt  out 
hy these  tests,  namely,  that  for sp:ms exceeding in  length  about 
75 feet  the  impact  stress increased with  increase  in speed up  to :L 

certain  fairly well-defined limit,  but beyond that  limit m y  further 
increase in speed would result  in a smaller percentage of impact. 
In the case of spans 250 to 300 feet  in  length  the  maximum 
impact occurred at speeds of 25 to 30 miles  per hour, speeds 
of 60 to 60 miles per  hour  giving  much lower results. The 
reason for  this  general effect was obvious, and  had been repeatedly 
confirmed by observation. The speed giving  the  maximum  impact 
effect IWLS the speed at which the  rate of rerolution of the locomotire 
driving-wheels  coincided closely with  the  natural  rate of vibration 
of the loaded structure. . Under  such circumstances there would be 
tt cumulative eEect upon  these  vibrations,  resulting in a large 
increase in amplitude, which meant  an increase in deflection and 
stress. For  all  spans,  therefore,  there was a certain  critical speed 
for  the locomotive, this speed depending upon the flexibility of the 
structure,  the dead and  live load, and  the  diameter of the locomotive 
driving-wheels. For short, spans  the  critical speed was so high that 
i t  was not reached in  the  experiments, while for longer spans it was, 
in many cases, much below the  ordinary  running-speeds. Fig. 20‘ 
(from  Bulletin No. 125, already  referred  to) showed the principal 
results  obtained in these  experiments  as  determined  from deffec- 
tions.  The  curve shown, whose equ:htion was 

Turneaurc. 

had been suggested  by the  Committee as indicating  fairly well 



I 
i -  

same  experiments :M deter- 
mined  from  extensometer 
records, and,  in  addition, 
the  results of Professor 
Turneaure’s  experiments re- 
ferred  to  by  the  Author, 
:md certain  additional re- 
sults  obtained  by Mr. J. E. 
Qreiner wit11 Frnenkel ex- 
tensometers.’  Comparing 
the  results shown by the 
two  Figures, it would be 
noted that  many of them 
were  very  considerably 
higher  than  those  men- 
tioned  by the  Author,  and 
the  curve suggested g:tw 
yery  much  higller v t d ~ ~ e x ,  
especially for mode~;ttt: 
spans, than  the  curve  pro- 
posed by the  Author  for 
immediate  effect,  namely, 

I = ----. It might be 
50 

5U+L 
c~uestioned  whether the 
curve  shown in  the  :LCCOI~- 
punying  Figures  gave, in 
fact,  suficiently  high values, 
and  he was now inclined 
to suggest the equation 

100 I = ~ ~~~ ~ 

L” ’ ’ + :30,000 

clmnging the  constant 
20,000 to 30,000. This 
increased the percentage of 
impact  for  100-foot  spans 
from 66.6  per  cent.  to 55 
per  cent.,  and for 200-foot 

spans  from 33.3  per  cent.  to 43 per  cent. With respert  to 
~~~ 

’ Proceedings of the American  Railway Engineering Association, vol. 6; 1905. 
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the  element of fatigue, or the  cmnulative effect of repeated Professor 
Tnnmuwc. 

n loads, it might  fairly be 
said that  the  tendency 
in  the practice of Ameri- 
can  designers,  as  shown 
in specificntions and dis- 
cussions, was to give 
little  direct  considern- 
tion  to it. The  en- 
deavour  was  rather  to 
determine  the  actual 
maximum  stress, so faras 
practicable, by either cal- 
culation or estimation, 
and  then  to use  such 
a unit  stress  that  under 
no  circumstances would 
the  actual m a x i m u m  
stress exceed the elastic 
limit.  The  impact effect 
having been estimated, 
the  principal  item of .S 
uncertainty  which  re- ' 
mained  was the second- 
ary stresses.  Owing to 
theoretical  and  practical 
difficulties it  could  
scarcely  be  expected 
that secondary  stresses 

- .  

would often be included 
in  the  regular  course of 
calculation and design. 
They must, however, be 
provided  for in  the 
margin of safety  be- 
tween  the  allowable 
working-stress  and  the 
elastic  limit. H e  be- 
lieved that it was the 
element of secondary 
stress, r a t h e r   t h a n  'LN33 H 3 d  : J . J V d R I  

fatigue,  which  should 
be kept  in mind  in  fixing  upon  proper  working-stresses.  The 
relative  magnitude of the secondary  stresses was :L function of the 
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Professor design rather  than  the  ratio of lire  to d e d  load, and v:wied 
l urneaure. greatly in different  parts of the  structure.  The  Committee of the 

American  Railway  Engineering  Association  had  made a large 
number of calculations of secondary  stresses, and had  shown that 
in  certain designs,  considered  otherwise  satisfactory, the secollthry 
stresses  were  almost ns much as the  primary stresses.'  These 
stresses  were  generally  high in floor-beams, ancl he  ventured  the 
opinion that   the  looseness of rivets  and  the  overstress so frequently 
noted  in  such  members  were clue to  high  secondary  stresses  rather 
than  to  fatigue from repented  loads. It was true, of course, that  
when the elastic  limit was overstepped the  repetition of stress 
became of much  consequence, and  perhaps  from  this  standpoint 
required some  consideration. It would  seem,  however, that  a more 
rational  procedure would  be to  take account, a t  least  approxinmtely, 
of all  actual  stresses,  and to :dopt a. working-stress so that tilt: 
maximum total  stress which might occur  should not exceed the 
ehstic  limit of the  material.  Where :t reversal of stress occurred 
:L lower unit  stress  must  be  adopted,  owing  to  the  fact  that  in  such 
a case the  true elastic  limit,  as  shown  by the  experiments of Wiihler 
and Bnuschinger, was lower than wlrere the st,ress was dways of 
the same  sign. 

311. vogt. Mr. E. VOCT, of Berne, remarlrecl that  wit11 every  introduc- 
tion of heavier  locomotives or coaches the bridge-engineer  had t,o 
decide whether  the  existing  bridges could  safely be used, or whether 
they should be strengthened or replaced. In   this  respect very 
d u a b l e  data  from all the  important railwa.ys of the world were t o  
be  found  in  the  General  Report (Vol. I) of the  International 
Railway  Congress  held at Berne in 1910. The procedure of the 
Swiss  Federal  Railways was the following :-The carrying-capacity 
of older  bridges  was  determined  by  calculation  only, or in connection 
with  measurements  nlade  with  Fraenkel,  Mantel, or other ext,enso- 
meters. The  latter were  necessary if the  structural disposition 
did  not  permit of the  ordinary scientific  methods  being  applied (e.g., 
the  true  distribution of shear  on a multiple  system of diagonals). 
Great  care was taken  in  examining  the  details, joint-splices,  etc. 
For the  rest,  the procedure was fixed by  Government rules.  Tlle 
admissible  stresses for new or existing  railway-bridges  were :IS 

shown in Table  on p. 273. As to  the maximum  possible  loadings, 
the  safe  working-stresses in existing  bridges  might be  exceeded 
by 30 per  cent,, but  this  amount was made  dependent  on  the 
type of structure  and its condition, as well as on the  quality of 
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Wrought  iron. . 
Mild steel . . . 

the  material  and workmanship.  Sometinles it was very difficult 
to  estimate  these  factors  rightly; it was necessary to  have a 
thorough knowledge of the bridge under  examination.  The  quality 
of the  material was determined  from  test specimens taken  from 
bars  in which the  working-stresses were very low. Up  to  the 
present  an excess up  to  50  per  cent.  had been admitted,  but  in  such 
extreme cases the speed of the  trains WRS restricted  to  15  to 20 
miles per  hour,  braking was prohibited,  the r d s  and sleepers  were 
maintained in first-class  condition, and  annual inspections of the 
bridges were made  (instead of the  usual  5-yearly inspection). By 
these  means  satisfactory  results  had been  secured ; in  no case had 
any  alarming  sign of weakness been found.  Further  details were 
to be found  in  the rules, of which lie enclosed a c0py.l "Impact 
coeEcients " were only used in  the calculation of girders up to 
50  feet of effective span.  The  percentage  increment  for  impact  to 
be allowed in  the case of railway loads was to be calculated from 
the  formula 0 .6  (50 -Z), ( I  being in  feet).  This corresponded 
approximately  with  the excess of stresses  produced  by the unbalanced 
reciprocating  and  rotating  parts of the  machinery of steam-locomo- 
tives.  The choice of this  linear formula, was somewhat  arbitrary ; 
but a further  margin  for  impact was provided by the admissible 
stresses  themselves. The  administration of the  Federid Railways 
possessed a considerable number of records  taken by deflectometer 
and  extensometer.  The  observations  had been made  thoroughly 
but  not  systematically.  The  American  Railway  Engineering  and 
Maintenance of Way Association had m d e   t h e  best  researches 
in  this respect, the  results of which, as far  as could be seen, 
coincided very well with Swiss  experience. If the  term " impact " 
were used to denote  any eEect of the moving  load  which resulted 
in stresses exceeding the stixtic stresses, the causes were the 

1 OrdollnaIlce concernant le calcul e t  l 'ilqection des ponts ct  IrBtiments rn6t:tl- 
liques  des  entreprises de  transports placdea b o w  lc contrGle do la Confk16ratioll 
[Suisse]. (Dated the 7th June, 1913.) 

- 

2 see footnote No. 1, p. 218, nn t~ .  -SEC. INST. C.E. 
[THE INST. C.E. VOL. cc.] T 
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DIr. vo& following : unbalanced  locomotive  driving-wheels, irregular  or 
eccentric wheels, rough or uneven  rails or joints,  rapidity of 
application of the load, and the deflection of the  different beams 
and  girders which composed a bridge. The Swiss  deflection 
measurements,  which  were  being  repeated  every 5 years,  did not 
indicate in general that  the  dynamic effect of a moving  load  was 
essentially  greater  than  that of the same  load  applied  statically.  The 
locomotives  were of heavy and balanced  types. Rough  or  uneven 
rails or joints,  irregular or eccentric  wheels, and  the  rapidity of 
application of the load  appeared to  have  only a moderate influence 
on  the floor-construction. When balanced  locomotives  were  used and 
the rolling  stock and twck were well maintained, the effect of 
impact was  very  low, and was estimated  not t o  exceed 10 to 20 per 
cent.  even in short  spans. As in  the American  tests,  this  result W:LY 

due  partially  to  the  arrangement of the  track  with cross  sleepers (on 
widely  spaced stringers)  or on a ballasted floor, which  formed an elastic 
medium  between  wheel and bridge. The  use of completely continu- 
ous stringers  as well as long rails-up to 60 feet  in length-also 
diminished  the  impxct. In  order to  reduce the effect of the critical 
speed, at which the periodicity of the  variation in the wheel-pressure of 
the locomotive  coincided with  the frequency of vibration of the bridge, 
all  members were  made  stiff, no  counterbraces  being  used ; the  vibra- 
tion of a member,  therefore,  had  very  little influence  on the 
vibration of the whole bridge. The deflection of the  girders was 
compensated partially  or completely  bycamber. There were  also many 
bridges  with  continuous  main  girders  the deflections of which were 
very  small. The  measurements  with  extensometers  indicated also that 
the impact coefficients were  not  considerable.  These  measurements 
were  made  only in particular cases, because thorough researches- 
which  would certainly be very useful-would require considerable 
resources. It was found  to  be  very difficult to draw correct  con- 
clusions  from  these  measurements.  The  use of the  instruments 
required experienced  men, and  in  evaluating  the  results  the degrees 
of accuracy of the  instruments  must  be  known,  and  their  vibrations 
must be excluded. 

MIr.W:Llmisley. Mr. A. T. WALMISLEY considered that  the proposed coefficients 
must necessarily be more or less  empirical, :W their  application 
depended so much  upon the bearings  provided for a girder,  and 
upon  the influence of continuity of construction.  Doubtless  some 
allowance must be made  for  shock, and it was usual to provide in 
the  factor of safety for such  contingency. It was sometimes 
assumed that  the effect of a rapidly applied load was to Le estimated 
its equal to twice that  produced  by the same  load quietly  applied 



Proceedings.] FOK EAILWAY GIRDERS. 275 

when  dealing  with a factor of safety ; such  factor of safety, how- Mr. WalmisIey 
ever,  was not  an allowance for  uncertainty  but  was  intended  to 
provide  for the conditions of a load  applied  rapidly, as well as a 
load  applied  gradually,  for the possible repeated  stresses  created 
by  machinery in motion, and  for  circumstances of construction 
not  attributable  to  the  impact of a moving  load, and for various 
other  conditions  described in the  Paper.  The  unit  working-stress 
should  be  carefully  proportioned to  the  elastic  limit, so as to 
obviate  any  prejudicial  permanent  set.  Eight  tons  per  square  inch 
for  tension  and compression  was higher  than  was  generally  assumed 
in British  practice, but  the Author’s  mode of dealing  with the  unit 
stresses  appeared to  err upon the safe  side, so as to  ensure  stability, 
and  his  units  for  shearing  and  bearing  stresses  were  proportioned 
thereto. 

cerhin  rules which  had  been  proposed to provide  for the eEect of 
live loads, proceeded, in Section V, to calculate the  variation  in  the 
loads on  the wheels of a particular  Bengal-Nagpur 2-8-0 goods- 
engine of which diagrams were  given in Fig. 1, Plate 3, and Figs. 
11, 13  and 13, Plate 5.  These  cnlculations  appeared to give 
incorrect  results.  Taking  first Case 111, on p. 197  (engine  running 
forward at   the  moment of starting,  with  full  steam on). The 
calculation  was  made  with  the  crank at   i t s  highest  position, and  the 
result  arrived at  was that 4.306 tons were  added  on the  driving- 
wheel, and 3.036 tons  in  the  aggregate  taken off the  other wheels. 
An  error was  caused by  omitting 1 a 2 7  ton  upward  pressure on the 
slide-bar,  produced  by the  inclination of the cylinder,  which  increased 
the  angle  between  piston-rod  and  connecting-rod. Rut even if this 
were  included, the  Author’s  method would not give the correct 
result, as the  moments of the  alterations in load  were  not  equated 
with  the  moments of the forces  producing  those  alterations, and  the 
effect of these  forces acting  outside  the  plane of the wheels  had not 
been taken  into  account.  What  appeared  to  be  the  correct  method 
had  been  applied by Mr.  Wolley-Dod,l  and showed an  increase of 
4.6816  tons in the load on  the  driving-wheel, which  was  only about 
84 per  cent.  more  than  found  by  the  Author, because the effects of 
the  two omissions nearly cancelled one  another. But  the aggregate 
decrease on  the leading,  intermediate,  and  trailing wheels was 
3.48  tons,  against 1 * 89  ton  found  in  the Paper-an  appreciable 
difference.  Moreover, the maximum  increase  on the driving-wheel 
w-as much  less  when the  crank-pin was at the  top  than when i t  WRY 

Mr. F. WOLLEY-DOD remarked that  the  Author,  after  reciting Mr. WOIICY- 
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. at the bottom, as the effect of the  inclination of the cylinder wa6 
then  added. Also, the maximum  downward  pressure on  the  crank- 
pin occurred not when it was a t  its lowest  point, but when  connect- 
ing-rod  and  crank  were at right  angles  with  one  another.  When  the 
crank-pin was a t  its lowest point,  the  engine  starting  with  full  steam 
on, the conditions  were as investigated in Case U,l and  the increase 
in the load on  the driving-wheel  was  found to be 6.426 tons,  which 
was  nearly 50 per  cent.  greater  than  that  found by the Author' 
when the crank-pin was a t  its highest, and was 84h  per  cent.  increase 
over the  static load  on the wheel. The  aggregate decrease on  the 
trailing,  intermediate, und  leading wheels was 4.589  tons, the balance 
of 1 e837 ton being taken off the  radial wheel. In  both a s e s  there 
were alterations in loads on  the wheels on the  other side of the  engine. 
The  consideration of these  two cases was not of great  interest 
from  the  point of view  of the effect of impact, as nearly  all  the 
other  items which went to  make LIP the aggregzte of this  effect 
were absent in the case of an engine  just  starting ; but  they showed 
the large  extent  to which the  distribution of the weight  on the 
wheels  was  aEected by  the  action of inclined  outside  cylinders, 
combined with  the  inclination of the connecting-rod,  even in 
an  engine  with so long a wheel-base as this:  the  disturbance was 
relatively  much  greater in  engines  with a shorter wheel-base. 
For ascertaining  the effect when the  engine was running a t  high 
speed,  a  calculation  based  on the assumption that  the  springs  had 
time  to lift the body of the  engine in response to  the maxinlum 
upward forces exerted  on  the  slide-bar  and cylinder-cover  was of 
little  value.  The  former force  increased from zero at   the  beginning 
of the  stroke  to its maximum a t  somewhere  between 32 and 44 per 
cent. of the  stroke,  according to  the  point of cut-off ; while the 
latter was  reversed in direction at  every  half  revolution. S o w  
44  per  cent. of the  stroke was approximately 25 per  cent. of a 
revolution, and as the driving-wheels  appeared to be about 4 feet 
8 inches in diameter, this corresponded with an advance of about 
3$ feet, which a t  58 feet  per second  would take less than 0.08 second- 
far  too brief a period  to  produce  any  appreciable decrease in load 
by  raising  the body of the engine.  The  Author  took  the  vertical 
component of pressure  on the  crank-pin  as 1 ton  in  this case, which 
was  one-fifth of that  with  full  steam  on,  with  the  crankpin at the 
top, and only  about  one-seventh of the maximum  when the  crank- 
pin was below the axle,  a  figure  which was much  too low. What really 
happened  appeared t o  be this:  the  engine rose  on its: springs  to  an 
extent  depending  on  the  average  lifting  force  during a whole revo- 
lution, and the average  moment of this force. The  value of these 

Mr. Wolley- 
Dod. 
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could be ascerhined  from  an  indicator-diagram  taken  with  the ~ r .  %'alley- 

latest  cut-off  ever  likely  to be used a t   the  speed under  consideration, 
even  though  the  engine  were  incapable of making  enough  steam to 
maintain  this  combination of speed and cut-off. Engines  ran  at 
high  speed  on  a  down  gradient  with  early cut-off, and  the  driver  let 
out  his  lever  to  get  up  an  opposing  bank  before  there was any 
appreciable  diminution  of  speed; the  fact  that  the speed  fell off as 
he  climbed  the  bank  did  not affect the question. A cut-off as late 
as 30 per  cent.  might be used with  high speed under  these  circum- 
stances. In   t he  absence of an  actual  indicator-diagram it was rather 
doubtful  what  exact  shape it would be in   an engine of this class 
making  about  four  revolutions  per second ; in  arriving  at  the figures 
given in Case C , ]  some  allowance  had  been  made  for  the  diagram 
not being  full.  The  result was that  the average  lifting  force  during 
a revolution was about 1.75  ton  acting a t  16.6 feet  in  front of 
trailing axle,  on  each  side of the engine, and  the  alteration  in 
pressure  on the wheels was the same  on  both  sides, the relief on 
each wheel being- 

Dod. 

0.5716 
Radial.  Leading. Driving. Intermediate. Trailiilg. 

0.6252 0-3920 0.1844 0.0232 
decreare  decrease decrease decrease increase 

The  engine would  rock both  longitudinally  and  laterally  about  this 
mean  position, but  these  movements would not  synchronize  with 
the  revolutions  except a t  certain low speeds ; the  effect of this 
rocking was sometimes to add t o  the load simultaneously  with  the 
other  disturbing forces, and at other  times to reduce the load. The 
longitudinal  rocking would not  materially affect the load  on the 
driving-wheels. A close approximation  to  the  amount of this 
variation  might be obtained  by  observing  the  amplitude of the 
rocking  and  calibrating  the  springs. To find the maximum 
increase in load on  the  driving-wheel it was necessary  to  find  the 
point at which the  sum of the  vertical  components of the  force  in  the 
connecting-rod  and of the  centrifugal  force of the excess counter- 
weight  reached its maximum ; and if the  point of cut-off was a t  less 
than  about 40 per  cent. of the  stroke,  this would occur  before the 
connecting-rod  and  crank  were at  right angles. With  the  aid of 
an  indicator-diagram  taken at  the speed and  with  the  cut-off 
under  consideration, it was possible to  construct  a  diagram of the 
vertical  force  in  the  connecting-rod a t  different  points of the  stroke 
with  a  high  degree of accuracy ; it was also  easy  to plot, on  the 
opposite  side of the  datum .of this,  a  diagram of the  vertical 

1 See the  Note appended (p. 252) t o  these remarks.--Sec. Inst. C.E. 
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Mr. \r'olley- component of the  centrifugal force of the unbalanced  revolving 
Dad. parts for the corresponding  points of the stroke, and  the maximum 

of the  two combined  could thus be  ascertninad. With cnt-off at 
30 per  cent., it n,ppeared that  the  maximum  vertical force in the 
connecting-rod would  be at least 4 . 2  tons, possibly rather more, 
and  the overhang  would  increase this  to 5 * 04 tons in the plane of 
the wheel. The corresponding  vertical  component of the  centri- 
fugal  force  was  about 2 - 55 tons,  taking  the  maximum a t  2 * 8  tons 
as given in the  Paper.  The  overhang of the revolving  parts 
nearly :LS great as that of the cylinder,  producing an increase in  the 
plane of the wheel of probably 15 per  cent., and  bringing  the  effect 
in  the plane of tlle  wheel up  to  2.92 tons,  making a total  increase 
of 7.96  tons in the load on  the driving-wheel,  while the  rise of the 
body on  the  springs  took off 0.39 ton,  1e:~ving :I net increase of 
7.57 tons, which  was  very nearly 100 per  cent. of thc  static load. 
The  extra load on  the wheel  was brought  direct  on t o  the wheel  by 
the  crank-pin ; though  it came on comparatively  suddenly, the only 
movement  necessary  before its full  eEect was transmitted  to a rail- 
girder was a comparatively  small  subsidence of the rail and sleeper ; 
this had  some  small effect in  mitigating  the  stress produced, bnt   i t  
was almost negligible. It therefore seemed that, as one  :done of tlle 
many  items  which  went  to  make  up  the  total " dynamic  effect" 
gave an  increase of 100 per  cent. in rail-bearers of comparatively 
short  span,  any  formula  similar  to  the  Pencoyd  formula, which 
gave a maximum  factor of 2 in such cases, was  insufficient. 

H e  cordially  agreed with  the  Author's  remarks on the subject of 
counterbalancing and  maximum  load on a pair of wheels, given at 
the foot of p. 198  and  the  top of p.  199. Of course, what was really 
wanted was to  regulate  matters so as  to reduce the maximum  load 
on any wheel under  working  conditions,  and in comparison with 
this  the  static load,  when the  engine  was at rest,  was a minor 
consideration. But  it was rather difficult to  frame a general  rule 
on  the  subject : the only  practicable way of dealing  with  the  matter 
seemed to be to  require  the load to  be reduced on  any  pair of 
wheels  which  were not properly  balanced. 

It was frequently  stated  that deflection tests  did  not show 
increases  as  large as those  found by theoretical  investigation. 
Most of the increases  indicated  by  theory  acted  for  comparatively 
brief periods, and  were  highly localized ; the result  was that  the 
girder  did  not deflect in one  continuous curve, as in the case of n 
static load, but  so that  the  radius of curvature, which  was the 
criterion of the  stress produced,  was  continually varying at all  points, 
in a series of waves. Moreover,  theory  indicated the maximum  stress 
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which might be produced by a number of different elements, some Mr. Wolley- 
of which in  ordinary practice acted  simultaneously, while others 
might or might  not do so. In   any  actual  tests  the chances that all, 
or even  several, of the  more  important of these  elements would 
occur simultaneously,  and at such a time or i n  such a manner as to 
produce the  maximum  stress  in a particular  part of the  structure, 
were comparatively small. For example, the Bengal-Nagpur engine 
which had been  considered would produce the maximurn effect on a 
short  span only if the  crank  happened  to be in  the  right position 
within a comparatively short  distance of the  centre of the  span,  and 
this  happened  to coincide with  one of the  maximum  rockings of the 
engine  on  the  same  side:  actual coincidence might occur once or  
twice in 100 tests;  it   might come within 10 per  cent. of the 
maximum five times  in 100 tests.  An observer, whether  noting 
dcflecfion, or using an  extensometer,  might be disposed to " neglect 
one or two  high  results " as  stated  near  the  bottom of p. 202. On 
longer  spans a stress  approaching  the  maximum would be  produced 
much  more  frequently,  and  the  ratio between the  maximum  and  the 
average of a number of tests would be much smaller. 

The  testing  to  destruction of a span of 40-foot girders, described 
in Section VI, drew  attention  to one or two points, especially  as to 
bearing  pressure  on  rivets. It was stated on p. 207 that  no  signs of 
crushing were  visible in  the rivet-holes, and  that  strips of paper 
glued to angles  and web were not  torn across, showing that  no  relative 
movement  had  taken place. The deflection-diagram (Fig. 21, Plate G )  
told a different  story. Just  before the load  reached 40 tons  there was 
a sudden  and well-marked  increase of about 0-05 inch  in deflection, 
and  this  sudden  increase  must  have been produced  by some sudden 
yielding. The only point  where yield could have taken place with 
this  comparatively small load was between the web and  angle-bars ; 
the  rivets,  though loose in  their holes, caused sufficient friction to 
prevent  sliding  till  this load was reached. The  sliding probably 
extended  for some distance  from  the  end of the  girder,  and if it 
took place at both  ends of the  girder, a maximum  sliding of less 
than  inch  might  have produced the  extra deflection  recorded, 
and  this  small  amount  might  have been insnficient  to  tear  the 
pieces of paper mentioned. The  sliding would decrease the  stress 
in  the flange and  increase  that  in  the web, thereby  reducing 
the effective moment of inertia,  and  by so doing decreasing the 
apparent  value of the modulus of elasticity. I n  a joint  consisting 
of a series of rivets,  when  stress was imposed on these  rivets  in 
their  initial  state,  the whole stress came on comparatively few, 
and  these, being overstrained, yielded, and passed some of i t  on 
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, t o  others,  until a sufficient number were brought  into play to 
prevent  the  stress  on  any  one  from exceeding the elastic limit. 
Provided  this  result was attained before any  rivet became per- 
ceptibly loose, so that  the  stress caused by a live load came on it as 
a blow, there was no  further  deterioration. I n   t h e  case of a plate 
girder  the  maximum  stress  on  any  rivet occurred at the face of the 
abutment, provided the  workmanship was theoretically perfect, and 
between that  point  and  the  end of the girder it decreased uniformly 
on each successive rivet, if the pressure was uniformly  distributed 
over  the  bed-plate of the  girder ; the  result was that  the maximum 
stress  on  the  rivet  at  the face of the  abutment was twice the  average 
stress  on  those  between it and  the  end. If this was beyond the 
elastic  limit, it would yield, carry less  itself, and  throw more on to  
the  others.  The  stress  might still be too high on  the  next  rivets on 
either side, and  they  might yield in  the same way ; the process 
might  extend  for some distance  without  the  total  amount of yield 
at any  point  being sufficient to produce  perceptible looseness. The 
usual  method of computing  the  shearing-stress  on  rivets was applic- 
able  only  to a girder of homogeneous material.  The  riveting  might 
be  considered  safe  provided the  stress  found  by  this method, after 
including  the  proper allowance for  impact,  did  not exceed the  elastic 
limit,  and  the  work was pFoperly done;  but  the converse was not 
necessarily the case. The  stress  in  the flanges was the  sum of the 
stresses on all the  rivets  between  the  point  under consideration and 
the end of the  girder,  and if there were a sufficient number of these 
rivets  to produce this  stress  without  any  one of them being strained 
beyond the elastic  limit,  there would be no further yielding. For 
example, in this  40-foot  span,  with 200 tons  distributed load, the 
shear on  one  girder at the face of the  abutment was 50 tons; 
dividing by 28 (the  depth  in  inches between the  lines of rivets) 
gave 1 * 786 ton per lineal  inch,  and  the  pitch of the  rivets 
being 4 inches, this  gave  7.143  tons  on one rivet  with a hearir~g 
area of 4- inch by inch, or 21 - 8  tons  per  square inch. The  asea 
of web between  two consecutive rivets which carried  this  shear of 
7 143  tons was 3$ inches by 3~ inch,  which gave  about 5 * 1 tons per 
square  inch  shear.  The  Paper  gave 33 and  5.625  tons respec- 
tively;  the  latter figure might be correct  as by  a  more accurate 
method  than  the  approximate one employed here,  but  the  ratio 
between  the  benring-stress  on  the  rivets  and  the  shearing-stress  in 
the web wm 25 to 7. The  matter was not  important, as the  bearing- 
stress  in  any ense was  considerably  beyond the  yield-limit. If the 
load were  ewnly distributccl  over tltc  bed-plate, the bending- 
moment at the face of the  abutment was 50 foot-tons,  and  the 
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stress  in  the flange about 21 tons ; as  there were five rivets between Mr. WOIICJ-- 

the end one  and  this  point,  the  stress  on each, if it were  evenly 
distributed, would be 4.2  tons,  but  this was not  the  maximum 
obtained  by  this  method.  The  point at which the maximum 
occurred might  be  found  from a diagram of bending-moments by 
drawing a tangent  to  the  curve  from  the position of the  last  rivet 
at the  end of the  girder,  the  curve of bending-moments being drawn 
for  the effective span  between the  centres of the bearings. The 
point would generally be about twice as  far  in  front of the face of 
abutment as the  bearing projected behind it, and  an appreciable 
error  in selection of the  point would make  very  little difference to 
the result. A t  4 foot 3 inches  in  front of the  abutment, which 
corresponded with  one-eighth of the effective span, the  stress  in  the 
flange was about  98.4  tons,  and  as  there were seventeen  rivets 
between this  and  the  end one, the  stress  on each, if it were evenly 
distributed, would be a little  under 5.8 tons, producing a bearing- 
stress of about 17 * 7 tons  per  square inch, which was much too high. 
Judged by this  criterion,  the  bearing-stress  with  the  standard 
equivalent load of 122 tons  on  an effective span of 42 feet would be 
about 10 * 8 tons  per  square  inch, which was below the  limit of 
11 tons  given for steel  on p. 184 ; but  these  girders were not steel, 
and  in consequence of their shallowness the  amount of yielding 
necessary to  distribute  the  bearing-pressure evenly over a length 
of 6 feet 3 inches would be appreciably  greater  than if they  had 
been made a more  suitable  depth. In   any  case, the  fact  that a 
large  number of rivets were loose showed that  either  the work  was 
originally bad, or the  bearing-stress was too high. 

With  regard  to  the  proper coefficient for  impact, as long  as 
locomotive-designers  were permitted  to use  inclined outside 
cylinders  on powerful engines,  with comparatively short connecting- 
rods,  revolving parts  not  properly balanced in each wheel, and 
heavy  counterweights in  any one wheel to balance reciprocating 
parts, so long would a high coefficient be necessary, and  the 
Pencoyd  formula,  or  any modification of it which gave a maximum 
factor of 2 ,  would not  provide sufficient margin  in comparatively 
short spans. The effect of impact depended to some extent  on  the 
design of the  girder ; it was reduced  by  increase in  the  depth,  and 
several authorities  had proposed an  increase in  the  factor when the 
depth of the  girder was less than  one-twelfth of the effective span. 
The effect was also reduced by placing girders  farther  apart, which 
tended to give n more even distribution between the pair of any 
local overload on  one  side or the  other of an engine. It was 
generally admitted  that,  after providing for  the  increase  in  stress 
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Mr. Volley- produced by  impact, a reduction  in  the permissible stress was 
Dod. necessary according  to  the  range of stress, for which a suitiibh 

formula was 
n 

~~ . ~ . l’ = -~ Range of stress ’ 
+ 2 X maximum stress 

- ~~ 

p denoting  the  limit of stress permissible in a member subject  to :I 
particular  range of stress-that was, the difference  between the 
m:tximum and minimum stresses, and a the  working-stress for  

all static load. This  made p = Q for  all live  load, and - Q for 

reversed stresses of equal  magnitude. Such reduction was even 
more necessary in  the case of rivets  than  in  other  parts of a 
structure. In considering the m:Iximum stress produced by the 
combination of a number of different  items classed under  thc 110:~d 
of impact effects, it was permissible to exclude combinations which, 
though possible, mere unlikely  to occur, except very  rarely ; but  the 
extent  to which i t  W R S  safe to  carry  this principlc was likely to be 
:L m:rtter of controversy. 

2 1 
3 2 

A.-Crmnk-pin ut IIiylhcst Position : Enyincjztst Sluvtiny. 

The vertical  forces, other  than weight of engine,  are :- 
5 tons  downwards on crank-pin ; 
6.27  tons upwards on slide bm, a t  16.39 feet in front of trailing  axle ; 
1.27  ton downwards on rear  cylinder  cover, 19’49 feet in frout of t rd ing  

axle. 

The  two latter  are  together  equivalent  to  a single  force of 5 tons  upwards at  
1 5 .  6 feet  in  front of trailing  axle. 

The measurements are  taken  from Fig.  12, Plate 5 ,  a  small-scale  drawing,  and 
are possibly not exact. 

These  forces act  in  the plane of the  cylinder, which,  from  Fig. 11, Plate 5, 
appears to be about 4 feet  from  the  central  longitudinal plane, the centres of 
the rails  being 2.56 feet on each  side of it. The effect of this overhang is Lhst 
the 5 tons on the crank-pin  produce 6 tons  downward  pressure of the  near 
driving-wheel on the rail, and 1 ton upwards  on the  far driving-wheel ; similarly 
the upward  force of 5 tons  takes 6 tons in  the aggregate off all the mlleels 011 

the near  side,  and  adds 1 ton  to those on the  far side. 
It is convenient first to  consider the  efect, supposing the forces t o  act in  the 

central longitudinal  plane.  For  equilibrium the algebraic  sum of all  the reliefs 
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on the wllcels is  equal t o  the upward  force. Putting R, L, D, I and  T  for  the  lift  Nr. 1f'olleY- 
or relief on the radial,  leading,  driving, intermediate  and  trailing pairs of wheels, 

I L + L + D + I + T = 5 t o n s  . . . . . . (1) 

The  moments of all these  reliefs about any  point is equal to  the moment of 
the  liftiog force about  the same point;  the trailing  axle being taken for con- 
venience. 

Dod. 

24'35 R + 16.15 L + 10.36 D + 5.18 I = 5 tons X 15.6  feet . . ( 2 )  

As the frames  lift  in  a  straight  line,  the  lift a t  each  wheel,  positive  or  negative, 
is proportional to  the relief or  increase of pressure,  provided the springn be a11 of 
equal  stiffness (as assumed by the  Author),  but  the  spring of the radial  wheel 
would  certainly  be  more  flesible  than the others. In the absence of precise 
information, it is assumed that a lift which mould relieve 1 ton 011 the coupled 
wheels  would  relieve 0.6 ton on the radial wheel. It is also probtble  that the 
spring of tlle clriving-wheel is stiffer than  the  others,  but  in  the absence of 
precise  information i t  is nnsumed the same. It fo l lom therefore  that- 

1 
0. G 
--R-T L - T  D - T   I - T  

~ 24.35 16;1$ = -loj:3c - 5.15 . . . . (3) - - 

From (3) R = 2.S2 I - 2 . 2 2  T, 
L = 3'1236 I - 2.1236 T, 
D = 2.0 I - 1.0 T ,  

therefore R + L + D  = 7'9436 I - 5.3436 T ;  

combining this  with (l), 

8,9436 I = 4.3436 T + 5 tons. ' 

Substituting  thc above  values in (2), 
I = 5'611 T 

D = 10.222 T 
L = 15.403 T 
11. = 13.605 T 

:. I + I) + L + 1: = 44.839 T :. 45.839 T = 5 tons. 
~~ -~ 

:. T = 0.1091 ton 
I = 0.6120 ,, 

D = 1,1150 ,, 
L = 1.6801 ,, 
11. = 1'4838 ,, 

Total . . . B tons  reduction. 

These  reliefs  would  be  produced  on  each  pair of wheels if the lifting  forces 
acted  in  the  central plane ; but as  they  act  outside  the plane of the wheela, they 
take ofF, m already  explained, 6 tons 011 tlle  near  side  and  add 1 ton on the f w  
side.  Using the suffix CL for the variations on the near  side,  and b for t.hose  on 
the  far side- 

R,, + L, + D,, +- I, .+ l',, = - G tons ; 
H/, + L/, + DL + 11, + T/, = + 1 ton. 
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fhrefore  
... - 0 . 6  TcL = Rb - 0’6 T b  = - 0.7092 7, - 

1, + D,L + L a  + R,, - 3 * G  T,, = I/, + D/, + 1 , ~  + R!, - 3 ’ G To = - 2 ‘ 2492 tolls ; 
also 

L + D,, + L, + h + Ta = - 6.0 ,, 
:mtl I r , + D , + l , h + R b + T b = + l ’ O  ,, 

Therefore 4 . 6  T, = - 3.7508 tons; 4.6 T!, = -+ 3.2492 tons. 
Therefore T,< = - 0.8154 ton ; T!, = + 0.7064 ton ; 

I,, = - 1’06G9 ,, I,, = + 0.4648 ,) 
I],, = - 1‘3154 ,, DI, = + 0.2034 ,, 
L, = - 1’6009 ,, L(, = - 0.0792 ,) 
R,,  = - 1.19s4 ,) Itl, = - 0.2854 

The algebraic sum of the reliefs on each  pair of wheels is the 8ame as  found 
for  T, I, I), etc.,  and  tlle difference  between  nng  two  wheels on the same 
axle is 1.5215 ton, except  in  tlle case of the radial,  where i t  is 0.6 of this, or 
0.913 ton. 

As the  direct force of the crank-pin adds 6 tons on D,, the  net increase in  the 
load  on this wheel is 4.6816 tons, or about 84 per cent.  more  than given in  tlle 
Paper.  This is accompanied by a reduction of 0.7966 ton on D& on the opposite 
side.  The  aggregate  (leereme  on the leading, intermediate and trailing whcels 011 

the same side  as D, is 3’48 tons,  agtinst only 1.89 given  in the Pa1)cr. 
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therefore 

285 

Dod. 
Mr. Wolley- 

the rniuus  sign in  this case denoting increase. 
In this case the overhang increases the lift in  the  plmc of  tllc  near whccls to 

8,244, and adds 1 .374  to  the weight on thosc on the  far side, and the converw 
cffect is produced on the driving mhceltj. 

As before R, + L, + D, + I, + T, = - 8.214 tons. 
Rt8 + L!, + Do + I/, + l',, = $- 1.374  ton. 

and 4 . 6  T,, = - 4.1219 tons ; 4.6 TI, = + 5.4961 tons. 

T, = - 0.696 toll Tf, = + 1.195 ton 
I, = - 1.357 ,, 1,) = + 0 . i S l  ,, 

D, = - 1.818 ,, DI, = + 0.17:; ,, 
L, = - 2.336 tom L* = - 0.245 ,, 
B, - 1.837 toll R/, = - 0.583 ,, 

S e t  totals - 8.244 tous + l.Si4 ,, 
Tllc algclmic sun1 of the vziriation between the two wheels of any pair is  that 

found  for T, I, D, etc.,  and  the differeuce is 2.091 tons  except at  the r;tdinl 
arlc, where i t  is 0 .6  of this, or 1.264 ton. 

As the  direct force on the crank-piu  adds 8.244 tons ou D,L, the near  driving- 
wheel, the  net iucretxse iu 6.426 tons, wllich is nearly 50 per cent.  greater  than 
that given in  the Paper  when the crank-pin  is a t  its highest  position, and  is 
844 per cent. increase over the  static load  on tllis wheel. This  is accompanied 
by 5 uet decredse  on D/, of 1.1 ton. The aggregate decrease on T,, I, and L, is 
4.589 tons, as compared with 3 . 4 8  tons when the cm&-pin is at  its highest 
position, for which the Paper gives a decrease of 1 .S9 ton. 

-____ _.___ 

C.-Engk  run?aiwJ rLt U i g h  Sped with C& L'zct-Of: Aceruqe Lifting-Effect 
dUTi7kY U l k C  I l C V O h t i O n .  

The cut-ofY has been  taken a t  30 per  cent. of the  st,roke;  the forces acting 
have been obtained  from an assumption a8 to  the form of indicator-diagram 
likely to be obtained  with  this  cut-off a t  fairly  high  speed, the  full steam-pressure 
on the piston  being 27.9 tons,  takeu in  coujumtion  with dinlensions obtained 
from Fig. 12, Plate 5 ,  which are approximdte only. 

In this case the forces are the same on both sides of the engine, so that  the 
average lift  is  not affected by the overhang of the cylinders ; but the downward 
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- pressure on the  crank-pin  and  the  centrifugal force of the unbalanced  parts 
produce an increase  in the  temporary load on the driving-wheel  in  consequenca 
of the overllang. 

During  the forward  stroke of the  piston,  with  crank-pin above the axle,  the 
average of the  vertical forces  found  by the diagram is approximately- 

2.09 tons  upwards on slide  bar a t  about 16.3 feet in front of rear  axle, 
0.7 ton  downward  on  cylinder  cover a t  19.49 ,, ,, 

The combined effect is the same as a single  force of 

1.39 ton upward at  14 feet  in  front of rcm axle. 

During the backward  stroke,  when the crank-pin i s  below the axle, they  are- 

1.4 ton  upwards  on sh le  bar a t  about 16.46 feet  in  front of rear  axle, 
0.7 ,, ,, cylinder-cover a t  22.05 

Rehulhnt is 2 . 1  ton  upwards at  18.323 feet. 

For R whole revolution the average effect is tllc same as tllnL of  a single 
force of 

1-75 ton upvmrds at  16.6 feet. 

Proceeding  as  before- 

8-9436 I = 4.3436 T + 1.75 ton 
S.7414 I = 5.9904 T + 1.75 ), 

Therefore 0.3039 I = - 1.5068 T ;  
therefore 

NeL t(1tal . . 1.75 ton, 

the + big11 being  decrease  and - sign  increase of load,  as lift has been taken 
positive. - 

*** The  Author  being  abroad, his reply  to  the Discussion and 
Correspondence will be printed  in a subsequent volurne.-SEc 
IXST. C.E. 


